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INTRODUCTION 

TOURING the last four or five decades the Appli- 
cations of Chemistry have experienced an extra- 
ordinary development, and there is scarcely an industry 
that has not benefited, directly or indirectly, from this 
expansion. Indeed, the Science trenches in ^ greater*^ 
or less degree upon all departments of human activity. 
Practically every division of Natural Science has now 
been linked up with it in the common service of man- 
kind. So ceaseless and rapid is this expansion that 
the recondite knowledge of one generation becomes a 
part of the technology of the next. Thus the conceptions ^ 
of chemical dynamics of one decade become translated 
into the current practice of its successor ; the doctrines 
concerning chemical structure and constitution of one 
period form the basis of large-scale synthetical processes 
of another ; an obscure phenomenon like Catalysis is 
found to be capable of widespread application in 
malnufacturing operations of the most diverse character. 

This series of Monographs will afford illustrations of 
these and similar facts, and incidentally indidkte their 
bearing on the trend of industrial chemistry in the near 
future. They will serve to show how fundamental and 
essential is the relation of principle to practice. They 
will afford examples of the application of recent know- 
ledge to modern manufacturing procedure. As regards 



their scope, it should be stated the books are not intended 
to cover the whole ground of the technology of the matters 
to w^hfch they relate. They are not concerned with the 
technical ^mimltice of manufacture except in so far as these 
may be necessary to elucidate some point of principle. In 
some cases, where the subjects touch the actual frontiers of 
progress, knowledge is so very recent and its application 
so very tentative that both are almost certain to ex- 
perience profound modification sooner or later. This, 
of course, is inevitable. But even so such books have 
more than an ephemeral interest. They are valuable as 
indicating new and only partially occupied territory ; and 
as illustrating the vast potentiality of fruitful conceptions 
and th'e* worth of general principles which have shown 
themselves capable of useful service. 

Orsfanic Compounds of Arsenic and Antimony. By Gilbert T, 
Morgan, D.Sc., F.R.S., F.LC., A.R.C.Sc., Professor of 

Chemistry in the University of Birmingham. i6i‘. net. 

Edible Oils and Fats. By C. Ainsworth Mitchell, B.A., F.LC 
6^. 6^. net. 

Coal and its Scientific Uses. By William A. Bone, D.Sc., Ph.D., 
F.R.S., Professor of Chemical Technology in the Imperial College 
of Science and Technology, London. 21s. net. 

The Zinc Industry. By Ernest A. Smith, Assoc. R.S.M., Deputy 
Assay Master, Sheffield, jos. C)d. net. 

Colour in Relation to Chemical Constitution. By E. R. 
Watson, M.A., D.Sc., Professor of Chemistry, Dacca College, 
Bengal. 12s, 6d. net. 

The Applications of Electrolysis in Chemical Industry. By 

Arthur J. Hale, B.Sc., F.LC., Demonstrator and Lecturer in 
Chemistry, The City and Guilds of London Technical College, 
Finsbury. 7^. 6d. net. 

Catalysis in Industrial Chemistry. By G. G. Henderson, M.A., 
D.Sc., LL.D., F.R.S., Regius Professor of Chemistry in the 
University of Glasgow, gs. net. 

The Natural Org^anic Colouring: Matters. By Arthur George 
Perkin, F.R.S., F.R.S.E., F.LC., Professor of Colour Chemistry 
and Dyeing in the University of Leeds; and Arthur Ernest 
Everest, D.Sc., Ph.D., F.I.C., of the Wilton Research Labor- 
atories, late Headiof the Department of Coal-Tar Colour Chemistry^ 
Technical College, Huddersfield. 28^. net. 

Cement. By Bki^tram Blount, F.I.C., assisted by William H. 
Woodcock, F.CS., Memb. Soc. Pub. Anal., and Henry J. Gillett. 
iSs. net. 



The following Volumes are In Preparation 

Plantation Rubber. By G. Stafford Whitby, McGill Uninrer^M 
Canada. ' ^ 

Marg-arine and Butter Substitutes. By William Claytd' 
M.Sc., A.I.C. 

Liquid Fuel for Internal Combustion Engines. By J. S, 

Brame, Royal Naval College, Greenwich. 

Synthetic Colouring Matters: Sulphur Dyes. By G. 1 
Morgan, ]).Sc., K.I.C., M.R.I.A., A.R.C.S., F.R.S., Professor o 
Chemistry in the University of Birmingham. 

Synthetic Colouring Matters: Vat Colours. By Jocelyn F. 
Thorpe, C.B.E., D.Sc., F.R.S., Imperial College of Science sftid 
Technology, South Kensington. 

Naphthalene. By W. P. Wynne, D.Sc. K.R.S., The University. 

Sheffield. • 

Synthetic Colouring Matters: Azo-Dyes. By Francis W. Kay, 
D.Sc., The University, Liverpool. 

The Corrosion and Decay of Metals. By Cecil H. Desch, D.Sc., 
F.I.C., Professor of Metallurgy in the University of Sheffield. 

The Principles and Practice of Gas -purification. By Edward 
V. Evans, F.I.C., Chief Chemist, South Metropolitan Gas Company. 
Refractories. By J. W. Mkllor, D.Sc. 

Ozone and Hydrogen Peroxide: their Properties, Technical 
Production and Applications. By H. Vincent A. BifiscoE. 
D.Sc., A.R.C.S. 

The Nickel Industry. By William G. Wagner. 

Lead and its Compounds. By John Armstrong Smythe, D.Sc., 
Ph.D., Armstrong College, Newcastle-on-Tyne. 

Cellulose -Silk. By C. F. Cross, B.Sc,, F.R.S., F.I.C. 

The Electric Arc in Chemical Industry. By J. N. Pring, D.Sc., 
The University, Manchester. 

Organic Synthetic Reactions: their Application to Chemical 
Industry. By Julius B. Cohen, B.Sc., Ph.D., F.R.S. 

Synthetic Colouring Matters: Triphenylmethane Dyes. By 
R. Robinson, D.Sc., British Dyestuffs Corporation, Ltd. 
Synthetic Colouring Matters: Anthracene and Allied Dye- 
stuffs. By F. W. Atack, M.Sc. Tech., B.Sc. (Lond.), F.LC. 
Synthetic Colouring Matters: Acridine and Xanthene Dye- 
stuffs. By John 1 \ Hewitt, M.A., D.Sc., F.R.S. 

Synthetic Colouring Matters : Azine and Oxazine Dye-stuffs 
By John T. Hewitt, M.A., D.Sc., F.R.S. 

Synthetic Drugs: Local Anaesthetics. By W. H. Hurtley 
D.Sc., St. Bartholomew’s Hospital ; and, M. A. WhitEley, D.Sc. 
Imperial College of Science and Technology, South Kensington. 

LONGMANS, GREEN AND CO. 

LONDON, NEW YORK, BOMBAY, CALCUTTA, AND MADRAS. 





PREFACE 

When I was asked by Sir Edward Thojpe to write one of the 
series of books which are being published under his Editorship, 
I hesitated but a short time. The reason for a hesitation, which 
may be, perhaps, excusable, arose from the fact that the subject 
is large and difficult, that many able brains and pens have beeji 
engaged in its exposition, and I was not sure whether I could 
add anything of value to the works already published. But the 
hesitation disappeared as soon as I realised that, on account of 
the long period which had elapsed since the knowledge of cement 
was purely empirical, and equally the comparatively small time 
which has sufficed to placed somewhat crude art on a scientific 
basis, there might be room for something of the nature of a 
monograph. My readern will judge in what degree I have been 
able to fulfil my purpose. 


76-78 York Street, 
London, S,W, 
1919. 


B. B. 
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INTRODUCTION 


The word cement, although now conveying the definite mean- 
ing of a material capable of sticking things together, has an 
origin less clear tlian might be supposed at first sight, and a 
signilirance in earlier times which is not identical with that 
now attached to the word. The explanation of the word as* 
given in the New English Dictwnary will make this clear. 

Cement. — Middle English, cyment ; Oid French, ciment ; 
Latin, caemcnium, and late Latin, cimcnitmi. A contraction for 
caedimeninm, meaning rough unhewn stone, the literal meaning 
being the product of cutting or chipping. The name appears 
to have been given to broken or pounded stone, tiles, etc., 
mixed with lime to form a setting mortar, and at length to' 
the mortar or plaster so formed, whence it passed into the sense 
of strong setting mortar or of mortar generally, however made. 

The article in the New English Dictionary proceeds thus, the 
meaning of the word being given under several heads — 

" (r) A substance used to bind the stones or bricks of a 
building firmly togidher, to cover floors, to form walls, terraces, 
etc., w'liich being applied in a soft and pasty state, afterwards 
hardens into a stony consistency; especially a strong mortar, 
produced by the calcination of a natural or artificial mixture 
of calcareous and argillaceous matter. Hydraulic cements harden 
under water and are used for piers, dock walls, etc. Roman 
cement, like all the hydraulic cements, is an argillaceous lime. 
Portland Cement is so called because it resembles in colour the 
Portland stone. It is prepared by calcining a mixture of the 
clayey mud of the Thames with a proper proportion of chalk 
(Ure). 

“ (2) Any substance applied in a soft or glutinous state to 
the surfaces of solid bodies to make them cohere firmly,” etc. 

It will be seen from this that the original word caedimentum 
has nothing to do with cement in the sense now generally used. 
Also that even in this excellent Dictionary cement — that is, 
something which itself sticks things together— is confused with 
mortar, which consists partly of cement and partly of some 
inert material. 

xi 



X" INTRODUCTION 

In this connection the following passage from DeSch, The 
Chemistry and Testing of Cement, may be quoted — 

* '*^It is remarkable that the word cement in its late Latin 
^ and old French forms was first employed to designate such 
materials” (viz. ground pottery and the like), “now classed as 
artificial pozzolanas; its meaning then changed to denote the 
mortar prepared by mixing the three ingredients, and it is only 
in recent tunes that it assumed its modem meaning.” 

It will be seen from this that the word Cement has not only 
a false origin but has been used until lately in the sense, not 
of cement, but of something containing cement— that is, mortar. 
In the following pages the word will be used throughout in its 
modern significance of a material which itself causes other 
materials to adhere to each other. 

Although cements may vary in chemical nature from casein 
to iron oxide, yet by common consent and because of the enormous 
, cpractical importance of calcareous cements the term, used without 
quahfication, is restricted to these, and it is of calcareous cements 
that I propose to treat. There are numerous varieties of these, 
but they all fall into two groups, (i) the calcium silicate group 
and (2) the calcium sulphate group. The first is typified by 
Portland Cement and the second by Plaster of Paris. It must 
not be supposed that the groups are sharply defined, as the 
calcium silicate group may contain sulphate in appreciable 
amount, which, although it may not itself act as a cement, 
certainly materially influences the behaviour of the cement 
proper; and, on the other hand, the sulphate group often con- 
tains silicates which themselves probably function as cements, 
besides modifying the behaviour of the calcium sulphate, which 
IS the cementing material proper. This division does not include 
lime mortar, which is in a class by itself, and must be so, because 
it may be made from lime so nearly pure that any question of 
calcium silicate and calcium sulphate disappears, or from lime 
containing either or both, and in the case of silicate cements 
may be a lime so siliceous that it comes into the rank of true 
siliceous cements. It will be seen, in fact, that there is a large 
range of these materials, and that they are grouped for con- 
venience and not with the notion of establishing a rigid 
classification. 

Little more need be said of the general nature and classes of 
cements, and it remains to examine the matter in detail. 
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CHAPTER I 

HISTORICAL 

In days almost prehistoric the human race erected very 
considerable buildings, and as eaily civilisation was in the East 
and in relatively dry places th(‘y cared little about cement. 
The natural beginning was to take the local material, whatever 
that might be, clay, marble, limestone, and the like, and To 
put it together so that it might make a fairly stable structure. 
The stability depended on design for materials the surfaces of 
which were rough enough to resist dislodging stresses. It was 
soon found by the builders of the period that in order to ensure 
the stability which they sought the surfaces must not only fit, 
but also be compelled to adhere the one to the other. Hence 
it came about that some plastic material was used for this 
purpose. As all very early buildings were made of dried mud, 
in a dry climate the natural cement was mud. An improve- 
ment came about when the sun-dried bricks of Assyria were 
cemented together with bitumen. As the adjacent regions are 
volcanic this substance was fairly easily procurable, and could 
be well used now, as it is an excellent material, if modern 
conditions had not put it to other and more specialised purposes. 

The next step seems to have been the use of a calcareous 
material cementing together pieces of the local stone. It may 
happen that the stone and the cement are of similar composi- 
tion, and that the only substantial difference between them is 
that the latter has been prepared by burning. For example, 
the calcareous stone forming the rock from which the Great 
Pyramid is constructed is a crude gypsum, and the mortar 
used in cementing the blocks is the same substance burnt. As 
the countries in which this kind of cement originated are almost 
destitute of fuel and have but little need for it, the natural 
B 
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conclusion is that the discovery was ' as empirical as that of 
glass. Some unknown pioneer found that when calcareous stones 
were^ burnt they differed from the original stone, were softer, 
were easily ground, and when mixed with water would set. It 
seems fairly certain that, from the time when sun-dried mud 
bricks were cemented together with mud and made dwellings 
not unlike the adob(' dwellings of to-day in tropical America, 
in that dried mud is the principal constituent of both, the one 
thing sought was an adhesive material which would stand the 
Jocal conditions. To illustrate* thc'se points a passage from 
Dr. Desch’s book may be quoted— 

“ In the massive masonry constructions of the Egyptians we 
meet with o\ir prc'sent-day system of uniting blocks and slabs 
of stone with a mortar consisting of calcareous adhesive material. 
There is some little uncertainty as to the character of this 
material. Whilst it is generally described by writers on Egypt 
a^,bumt lime, even when found in buildings as old as the Great 
Pyramid, the statement is definitely made that the Egyptians 
never used lime, and that the cementing material was always 
obtained by burning gypsum. As the gypsum was quarried in 
a very impure state, it usually contained calcium carbonate, 
which might be partly decomposed in the process of burning, 
or even if found in an undccomposcd state in the mortar would 
produce the impression that lime had been used.’^ 

Taking these facts into account, it is fairly clear that at that 
early date calcareous materials were burnt and that they were 
used indiscriminately, whether of the sulphate or siliceous class. 
It is no reflection on ancient architects to say that their cemented 
structures would have perished liad not the climate been very 
dry. It is generally admitted that the climate of Egypt has 
changed since the erection of the Assouan Dam, and that rain 
is less rare. Accepting this, cement suitable at 2000 i?.c. would 
not be suitable now. 

There was a gap between these ancient times and that of 
the Romans which is not well biidged, but it may be reasonably 
assumed that as civilisation spread from the near East, and 
with it the arts of the architect and builder, the need for a 
local material sufficiently resistant to the weather conditions of 
more westerly countries became urgent, and that a plastic 
material less susceptible than clay to the action of water had 
to be adopted. Liipe by itself when slaked is admirably plastic 
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when -mixed with a further quantity of water, but on drying 
shrinks and needs some sort of inert filling material in order to 
make a mortar which will keep its volume approximately con- 
stant. The material sufficiently fine in grain and wide in dis- 
tribution is sand ; hence lime mortar as used from a date unknown 
to the present day. 

It is doubtful whether any clear knowledge existed then as 
to the reason why some lime was better than others, and the 
merit of each was indicated by its place of origin, much as 
Buxton lime and Dorking lime are distinguished now, although 
it would piiz/Je the average user to state the cause of difference* 
a sufficient indication of the neglect of education in natural 
science concerning things of everyday k''’* and couched in such 
simple languag{' that any inU'lligenl child can understand. 

The Romans understood calcarcnjus cements exceedingly well, 
as their structures testify, and tluy wc're probably tlui first })eople 
delil)eratcly to mak(' liydraulic cement. Ordinary lime mortar, 
no doubt, was used, but a true hydraulic cement was prepaivd 
by adding pnzzolnnic material, i. c. a substance containing 
siliceous matt(T sufficicmtly active to combine with lime to form 
calcium silicates resistant to the action of water. The nature 
of tile substances mentioned, together with their chemical 
composition, will be given in a later cha])ter. 

Th(' deciiy of civilisation wdnch followed the destruction of 
the Roman Rmpire had as one of its results the decline of the 
art of the builder as far as one essential ])art, viz. mortar-making, 
was concerned. In the* Middle Ag(‘b empiricism resigned supreme 
in alt directions, and mortar was made from limestones which 
had a local rejiutation based on thi^ belief or prejudice of the 
local user, h'ortunatidy, as limestones arc often siliceous, a 
good range of h3^draulic materials was available, and as puzzolanic 
mateiials, though not common, occur in a fair number of places, 
and as ground-up brick rulibish forms a good substitute for such 
materials, hydraulic ( eimnit could be prepared, though in such 
a casual and ignorant manner that the failures of structures 
intended to resist the action of w^ater must have been many — 
how large a projiortion it is impossible to say, as their destruction 
removed the evidence of their existence. 

The situation remained unaltered until the time of Smeaton, 
who in 1756 was commissioned to replace the earlier Eddystone 
Lighthouse which had been burnt. An account of his experi- 
ments on the cement to be used is included in his story of the whole 
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undertaking, published some years later. The facts recorded 
seemed to me so interesting that I quoted them in a lecture which 
I delivered to the Institute of Chemistry in 1912, and now give 
the whole extract, together with my own introductory words. 

'' I do not find any record that limestones wore deliberately 
ind intelligently chosen for the hydraulic quality of the lime 
A^hich they furnish until the time of Smealon, who, in con- 
sidering with what material he should build the Eddystone 
Lighthouse, ascertained that Aberthaw limestone (a blue lias 
brmation) was undoubtedly hydraulic, and, desiring to Icnow 
w^hy, applied to Mr. Cookworthy, a chemist of the period, whose 
office as a consultant was creditably fulfilled. It w’as found 
that those limc'stones which were most h3^draulic contained the 
[argest proportion of argillaceous matter. But not content with 
this, he reasoned that this quality might b(‘ improved by the 
iddition of what was then known to be capable of conferring 
hydraulic properties on ordinary lime, and accordingly used 
Trass. In Smeaton’s own words — 

* In this respite from sea operations, I seriously began to 
:onsider the great importance that it was likely to be of to our 
work, to have a Cement the most perfec t that was possible, 
to resist the extreme violence of the* sea. .^nd on consideration 
3f this matter, it appeared, that nothing of the; resinous, or oily 
icind, could have any place in our work, as it would require the 
surface to be dry, to enable it to make a compleat adhesion; 
whereas the getting anything complc‘atly dry, was one of our 
greatest difficulties. It seemed, therefore, that nothing in the 
way of Cement would answer our end, but what would adhere 
to a moist surface, and become hard, without ever becoming 
compleat ly dry. 

“ ‘ I began now^ to foresee that before 1 could have a compleat 
sample produced of every part of the work, that might be wanted 
for the operations of next season, it would be pretty far ad\^anct;d 
in the spring ; and as I proposed beginning the outw’ork as early 
in the season as possible, I determined to winter at Plymouth 
(without returning to my residence in London, as I had before 
intended) though to the detriment of my own private concerns; 
laying every consideration aside in favour of the Eddystone. 
I therefore resolved to take every opportunity in the evenings 
and intervals of my attendance on the work-^^ard, mould-room, 
etc., to go through a compleat set of experiments on Cement, 
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so far* as it concerned the subject I had in hand ; for I plainly 
saw from the manner of working the moorstone, already described, 
that not only much of the beauty and neatness of the work, btit 
its real solidity too, would depend upon gcf'ting a cement that 
would, in spite of water almost continually driven against it 
with every degree of violence, become so firm a consistence in 
itself, and adhesion to the stone, that it should lie fair and 
ilush in the joints^ and so as to compose one even regular surface 
with the stone ; and witliout needing hoops of iron or copper 
to surroujid the, horizontal joints, as seems to have been thQ 
expedient of Mr. Winstanley. I was fortunate to succeed in 
this ]:)art of tlie business entirely to my satisfaction ; and perhaps 
in a d('gr(.'e unknown before; and having made! much use since 
of the experience which 1 then acquired ; having had frequent 
occasions and opportunities of communicating it to others, and 
having be en ask('d many questions concerning it ; I trust that 
my reader will forgive me, if 1 am diffuse enough to enter ii\to 
a full explanation of the subject, so far as I know it. I mean 
not howc'ver to tire him with recording all the particular experi- 
ments, as this would be almost endless, they having been pursued 
through th(' wholt* of this winter; but only to state the principal 
scoj)e and dt'sign of them, w’ith the results; nor do I propose 
to enter into a clicmical disquisition upon them, which I leave 
to tlu! l(!arned in tliat science'. But as what I have to say on 
this subject will carry me to some length 1 shall reserve it to a 
distinct chapter, in order to keep the matter together. 

‘ On this subject 1 was already apprised that two measures 
of quenched or .slaked lime, in the dry powder, mixed with one 
measure of Dutch Tarras, and both very well beat together to 
the consistence of a paste, using as little water as possible, was 
the common composition, generally used in the construction of 
the best water-works both in stone and brick, and which, after 
being once set,^ would afterwards become hard, without- ever 
being compleatly dry ; nay, that it would in time grow hard, 
2 ven under water. This therefore seemed to be the kind of 
:ement adapted to our use. 

Having heard of a lime produced from a stone found at 
^berthaw, upon the coast of Glamorganshire, that had the same 
qualities of setting in water as Tarras, I was very anxious to 

* “ TJiis is the term used in the application ot calcareous mortar, which 
lenotes its first step, or degree of hardening; but in this state, though it * 
las lost its ductility, it is a very friable substances” 
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procure some of the stone, which I did, and burnt it into lime. 

I found it to require a good deal of hre to make it, by quenching, 
fall into a fine powder. This stone, before buming, was of a 
very even, but dead sky blue, with very few shining particles; 
but when burnt and sifted, it was of a bright buff colour. 
Having made up a couple of balls, according to each of the 
fonner proportions; and also a cou})le of balls with common 
lime (by which I mean Plymouth lime) the diflerence of hardness 
after twenty-four hours was very remarkable : the composition 
pf two measures of Aberthaw to one of Tarras considerably 
exceeded in hardness that of common lime and Tarras in equal 
parts; the composition of Aberthaw and Tarras in equal parts 
was still considerably harder, and this difference was tlic more 
apparent the longer the comj)ositions were ke})t. 

“ ‘ Having now found a species of materials, and a method of 
compounding them very comj)ctent to our purj^ose; and having 
plainly seen that there w'as a great difference in the effect, 
ariiiing from the different nature of lime burnt from different 
kinds of Hmestone; and that its acquisition of hardness under 
water did not depend ui)on the hardness of the stone ; inasmuch 
as chalk lime appeared to be as good as that burnt from 
Plymouth marble ; and that Aberthaw lime was greatly superior 
to either for the purpose of aquatic buildings, though scarcely 
so hard as Plymouth marble ; 1 was very desirous to get some 
hght into some of the sensible qualities, that might probably 
occasion the difference, or at least become a mark of distinction. 
I therefore applied to my friend Mr. Cookworthy, whom I had 
found at all times ready to afford me his assistance, whcre^xT 
his knowledge could be of use to me. He taught me how to 
analyse limestones : and though my chemical friends will be at 
no loss upon this subject; yet c'.,s it is very possibly that some 
of my readers may be no more acquainted with chemistry tlian 
myself; for the sake of these I wall describe the process, as 
being useful for all those who arc concerned in building to 
know. 

“ * I took about the quantity of five penny weights (or a 
guinea’s weight) of the limestone to be tried, bruised to a coarSe 
pow'der; upon which 1 poured common a(|ua fortis, but not so 
much at a time as to occasion the effervescence to overtop the 
glass vessel in which the limestone w^as put; and added fresh 
aqua fortis after the effervescence of the former quantity had 
ceased, till no furtl?er ebullition appeared, by any addition of 
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the acid. This done, and the whole being left to settle, the 
liquor will generally acquire a tinge of some transparent colour ; 
and if from the solution little or no sediment drops, it may be 
accounted a pure limestone (which is generally the case, wim 
white chalk and several others) as containing no uncalcareou^i 
matter ; but if from the solution a quantity of matter is deposited 
in the form of mnd, this indicates a quantity of uncalcareous 
matter in its composition. When this is well settled, pour off 
the water, and repeatedly add water in the same way, stirring 
it and letting it settle till it becomes tasteless. After this let 
the mud b(' well stirred into the water, and without giving it 
time to settle, pour off the muddy water into another vessel ; 
and if there is any sand or gritty matter left behind (as will 
frequently be the case) this colh'ction by ‘ ^elf will ascertain the 
quantity and species of sabulous matter that e ntered into the 
texture of the limestone. Letting now the muddy liquor settle, 
and, pouring off the water till no more can be got without an 
admixture of mud, leave the lest to dry; which, when it conies 
to the consistence; of clay, or paste, make it into a ball and dry 
it for further examiiiation. 

“ ‘ From the experiments now related, I was convinced that 
the most pure limestone was not the best for making mortar, 
especially for building in watiT : and this brought to rny mind 
a maxim I had learnt from workmen; that the best lime for 
the Land was seldom the best for Building purposes; of which 
the reason now appeared; which was, that the most pure lime 
affording the greatest quantity of Lime Salts, or impregnation, 
would best answer the jiurposes of Agriculture * whereas, for 
some reason or other, when a limestone is intimately mixed 
with a proportion of Clay, which by burning is converted into 
Brick, it is made to act mon; strongly as a Cement.^ This 
suggested to me the idea, that an admixture of clay in the 
composition of limestone, when treated as above specified, 
might be the most certain index of the validity of a lime- 
stone for Aquatic Buildings : nor has any experience since 

^ “ It is not to be wondered at, that workmen generally prefer the 
more pure limes lor building in tlie Air, because being unmixed with any 
uncalcareous matter, they fall into the finest powder and make the finest 
j>aste, which will, of course, receive tJie greatest quantity of Sand (generally 
the cheaper material) into its composition, without losing its toughness 
beyond a certain degree, and requires the least labour to bring it to the 
desired consistence; hence mortar made of such hme is the least ex- 
pensive, and in dry work the difference of hardness, compared with others, 
IS Jess apparent.'' 
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:)ntradicted it ; as all the limestones in repute for water-works, 
lat I have met with, have afforded this mark ; even the Dorking 
me much esteemed for these uses at London, and in the country 
)und about, is plainly nothing but a species of chalk, impreg- 
ated with clay, of which it makes one full seventeenth part 
f the original weight.’ ” 

It will be seen from this that even as late as 'the middle of 
le eighteenth century the only mode then known of deciding 
a the suitability of calcareous cements for any giv;n purpose 
as by their local celebrity. Smeaton had heard of the reputa- 
on of Aberthaw lime. The deposit of Blue Lias limestone runs 
irough this country, and its south-west end occurs in South 
/ales and Lyme Regis. It is always intercalated with layers 
F calcareous shale, and is an excellent cement-making material 
hen suitably mixed with its neighbouring deposits. But at 
le time when .Smeaton worked this was not known, and 
Aberthaw limestone” meant the pieces of stone washed down 
om the cliffs lying about on the foreshore. To this day they 
'e collected at Lyme Regis and are sent to South Wales to be 
jmt. Smeaton had also heard of ” tarras,” now called trass, 
id believed it to be Dutch, because it reached this country 
Holland. But trass is a product evidently of long-ago 
^Icanic origin which came from Andernach on the Rhine, and 
as known not by its country of origin but by its country of 
eportation. At the date when Smeaton was most active 
ientific knowledge was not at its best. The virtuosi of 1670 
ere dead, but had left their mark ; the literary crew of “ Great 
nna whom three realms obey” reigned supreme; the renais- 
Luce of science had yet to come, and in his own corner of 
ience Smeaton did work which is as permanent as his lighthouse 
as stable. 

In chronological order the next step was the production of 
le real forerunner of Portland cement, when, about the end 
f the eighteenth century, it was found that certain lumps of 
:ony material dredged up from certain localities would, when 
umt, yield a cement. These materials are mentioned in a 
Lter chapter. They were named Septaria Nodules, which is a 
urely geological term meaning masses of material which have 
een naturally separated from their matrix. These conglomerate 
lasses consist of argillaceous and calcareous materials in suit- 
ble proportions for the making of hydraulic cement when they 
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are burnt. This interesting and useful fact was discovered quite 
empirically, and an industry was started. It happens that these 
“ septaria nodules” contain both iron and manganese, and that 
on this account they yield, when burnt, a reddish cement! As 
Roman cement, properly so-called, consists of lime and puzzolana 
(which may be red), or ground tiles, the colour of the material 
led to the use of the name Roman cement as a mode of descrip- 
tion. Of course, there is no connection between the tw'O things, 
true Roman cement being a mixture of lime with ]>uzzolana 
and the material made here by burning sc'ptaria nodules being 
an inferior variety of J\irtland cement. As in this country the 
use of puzzolanic cements had been neglected, and local limes 
more or less hydraulic had been enii)loy(‘d with rather chanccy 
results, it can be* undc'rstood that tlie advent of a true hydraulic 
cement ground and ready to mix with water W'as hailed with 
acclamation, and a large and profitable tmde sprang up. There 
is no question but that Roman ceuK'nt is an admirable material 
and perfectly resistant to water, but on account of its chcmi:ai 
composition, w'hich is dealt with in a later chapter, it is incon- 
veniently quick-setting. Yet such are its merits and vogue that 
it was in use for setting wdiat are known as “squares” in the 
Yorkshire system of brewing beer. ” Squares” are large tanks 
made of Yorkshire flags, and are tongued and grooved to make 
a beer-tight joint. The mason’s w’ork is usually good, but a 
cement is necessary to complete the joint. The cement generally 
used some twenty years ago was Roman cement-— quite the most 
inappropriate matc'rial which could be chrrsen, as it sets quickly, 
and the slabs of stone which make the vat are large and heavy, 
and must be lowered exactly to their places by ordinary slow- 
moving tackle and must be adjusted with the utmost nicety 
in order to make a proper joint. I remember a case of the kind 
where Roman cement was used for this purpose and failed 
lamentably, not at all because of bad quality, but because it 
had half set before the slabs were got into position. Of course, 
good hydraulic lime should have been used, but as the builders 
of these vats had been using Roman cement for years, from 
father to son, so to speak, they would have repudiated hydraulic 
cement as lilNcly to spoil the beer. 

Apropos of this, and to show how completely empiricism has 
been replaced by scientific knowledge, it is a fact that in the 
early days of the tube railway the grouting outside the tubes 
was made with hydraulic lime, which w^as preferred to Portland 
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cement because of its slow setting, so that if a small settlement 
took place the cement would shift slightly and still protect the 
aast-iron tube from the soil surrounding it. 

In^ 1827 an English bricklayer named Aspdin stumbled on 
*the fact that a mixture of chalk and clay, when burned, produced 
hydraulic, cement, and proceeded to manufacture it on a small 
scale. At that date the cement had a composition not far 
removed from that of Roman cement, though with a somewhat 
higher percentage of lime, say 55 % as against 45 for Roman 
, cement. The burning process was of the roughest description, 
and parts of the charge, burnt in common lime-kilns, were over- 
heated, and other ])arts half burnt. So coinphhe was the 
ignorance of the time that the under-burnt stuff was preferred 
to the hard(T masses, which were true clinker. This notion 
that material which has been hard burnt is useless as cement 
held its own not only in this country, but in France, where the 
nodules, called “ grappicus,” obtained in the process of making 
chuHX dc 'Tcil were rejected and the lime alone used, until some 
one found that when ground finely they yielded a cement much 
superior to the Teil lime, which itself is famous as an hydraulic 
cement. This foolish idea persisted generally in this country 
for many years, and the writer has lu.'ard venerable persons 
solemnly discussing the best way of getting rid of the evil over- 
burnt material. There was .some excuse for this singularly 
unscientific attitude, as in one respect a half-burnt friable 
product is preferable to one properly clinkered, in that it is 
easier to grind, especially with the crude grinding apparatus, 
such as millstones, in use thirty years ago. 

In the early days of the manufacture of Portland cement, 
burning was so irregular that those makers, who were careful 
of their product, and understood that hard well-burnt clinker 
was what they should prepare for sale, made a practice of 
picking from the material, unloaded from the kilns of that date, 
all under-burnt portions. 

This was a considerable advance on the older practice of 
putting everything crushable, including any old firebrick which 
had been detached from the kilns during the process of burning, 
into the mills. 

The next stage in the history of Portland cement was the 
introduction of the rotatory kiln. This history is given in a 
paper read before the Institution of Civil Engineers by my late 
partner and myself in 1901, and it is convenient to quote from 
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this as a record of the knowledge of the time. I have great 
pleasure in acknowledging the permission given to me by the 
Institution of Civil Engineers to publish the following quotation—* 

'"In. 1877 Thomas Russell Crampton, M.Inst.C.E., patented 
a process for burning cement in rotatory kilns, but appears not 
to have put his invention on a manufacturing footing. It ma> 
be accepted that the earliest form of rotatory kiln whict 
approaclu'd practical success was invented in this country b} 
the late Mr. i^'icderick Ransonie, Assoc.Inst.C.E. ; this kiln ma) 
be n'garded as tlie forerunner of modern rotatory kilns nov 
being erected or at work in England or abroad. Ransome’i 
English patent is dated May 2, 1885, view of the sub 

sequent development of the rotatory jnocess, affords an interesting 
object of study. 

“ The Ransome kiln shown in lug. i consists of a cylindrical 
furnace A, set at a slight inclination, carried on rollers, and 
rotated by worm-gearing B. At the u]>per end powdered raw* 
material is fed in by the hopper C, and travels down the furnace, 
meeting burning producer-gas entering by the pipe I). The 
burnt material falls into the pit E, and any raw material which 
may be blown back up the furnace is caught in the settling-pit 
F, whence it can bci returned to the hopper. 

“ The inventor states that whereas in ordinary methods of 
burning cement it has always been necessary ‘ to grind the 
cement after burning to bring it to the requisite degree of 
finciu'ss,’ in his process ‘ by introducing the cement material 
into the rotating chamber as a fine powder the necessity for 
grinding the cement after burning is entirely obviated.' This 
idea, which is put forward in his provisional specification, is 
emidiasised in the complete specification, where the following 
passage occurs : ‘ The slurry is dried, then pulverised, and after- 
wards sifted to bring it to the degree of fineness required in the 
sifted cement, so that the cement j)roduced may be used without 
subsequent grinding.' It is abundantly evident that one of the 
chief objects which Mr. Ransome had in view was the abolition 
of the costly process of grinding clinker. His claim to accom- 
plish this was made in ignorance of the fact that at the tem- 
perature necessary for burning Portland cement the material 
becomes plastic and sticky, and although it may be in the 
finest powder before burning, yet it will cohere and form small 
nodules or lumps when burnt. He also failed to see that 
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systematic heating of the raw material by passing it through 
the kiln in a direction opposite to that of the burning gases 
was of fundamental importance, because he suggests introducing* 
the raw material at the end where the burner *is situated, a^ an 
alternative to the correct and rational method of feeding it in* 
at the end remote from the burner. But although in error in 
these two important respects, the inventor saw clearly that a 
great saving in the cost of production (largely due to economy 
in labour) would be effected by a rotatory process, and that 
the cement made by such a process would be more uniformly 
burnt than that made in masses in a fixed kiln." 



“ A substantial improvement on the Ransome apparatus was 
made by Mr. Wilfrid Stokes, who realised clearly that one of 
the merits of a properly contrived rotatory process is the 
economical and systematic use of heat." 

" In the Stokes process precautions were taken to effect a 
considerable economy in fuel. The whole apparatus was par- 
ticularly well thought out, and its failure to realise the expecta- 
tions of its inventor is greatly to be regretted, the more so as 
it delayed for nearly ten years a much-needed improvement in 
an important industry, and allowed the centre of interest to 
shift from this country, which is the birthplace of the rotatory 
process, to the United States, which is its country by adoption, 
and where it has developed and prospered. The plant is shown 
in Fig. 2. A is the burning-cylinder about 35 ft. long and 5 ft. 
in diameter, constructed of steel plates and mounted on two 
sets of live rollers resting on a cast-iron cradle, with freedom to 
allow for expansion and contraction. The cylinder is driven by 
a small engine and spur-gearing; it is lined with refractory 
bricks. The waste gases from the burning-cy;linder pass through 
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the drying-drum B about 40 fi long and 12 ft. in diameter. 
At each end of the drum is a roller-path resting on supporting 
•wheels, and the drum is slowly rotated by worm-gearing driven 
by a small engine. The slurry is fed on to the outride of the 
‘drum by means of a dipping arrangement which delivers a 
definite quantity of slurry from a long trough (not shown in the 
figure) above the drum. The slurry adheres to the drum and 
is dried by the time the drum has nearly completed a revolution, 




PLAN 

THE HUnRY St SEAMAN ROTATORY PROCESS 


Fig. 3. 


when it is scraped off by a series of chain scrapers driven along 
the top of the drum and delivered into the feed-shoot of the 
burning-cylinder. The clinker emerging from the lower end of 
the burning-cylinder falls into the cooling-cylinder C, 35 ft. 
long and 5 ft. in diameter. This cooling-cylinder is of steel, 
unlincd but provided with gills which aid in abstracting heat 
from the clinker to be cooled. The drying-dmm, burning- 
cylinder, and cooler are arranged so that the material passes 
down the series by gravity. The burning-cylinder is heated by 
gas from a producej'; the necessary air is supphed through the 
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cooling-cylinder, the heat from the out-going clinker being thus 
regenerated.” 

The idea of a rotatory process of manufacturing cement had* 
taken root in the United States, and attemjHs were mad!i to 
give it a practical shape by various inventors. One great* 
advantage was the possession of cheap and abundant oil fuel, 
and the serious difficulties attending the use of producer gas 
were thus avoided. The next step was to use powdered coal 
as a fuel to make a sort of blowpipe flame much like that pro- 
duced by a jet of oil, and this was successfully accomplished 
about iSqO by Hifrry & Seaman at the Atlas Company’s works 
at Northampton, Pennsylvania, which the author visited and 
reported on in A drawing of the plant is appended (Fig. 3). . 

Brains were at work on the Continent about aie same time, and 
gradually the modiTii form of rotatory kiln was evolved. It differs 
in no essential respect from the earlier patterns, the alterations 
which have been made being only in the direction of greater size 
and greater simplicity, esptxdally as regards the burner, which.fs* 
now usually run, not by an injector as in the Hurry tS: Seaman 
system, but by a fan at com] )a rati voly low pressure. 

From iqoo onwards the rotatory .system of burning has had 
full sway, and at the moment there is little prospect of it being 
displaced, until what the author believes to be the ultimate 
goal of the industry, namely, the manufacture of Portland 
cement by blast-furnace methods, is achieved. 

The historical part of this book has been purposely restricted 
to the recording of the genesis and growth of the industry itself. 
It is ihought that discussion of the gradual improvement of the 
product and the means by which this has been attained may be 
better postponed until materials and methods of manufacture 
and testing have bet'u dealt with in turn. 

In the foregoing i)ages an attempt has been made to construct 
a coherent narrative of the origin and development of cements, 
but it is not to be regarded as ('xhaustive. The liistorian of such 
a highly important manufacture has yet to appear, and I do not 
propose to try to anticipate his labours, which must be as much 
antiquarian as chemical; but meantime the reader is referred 
not only to Desch, but to Redgrave, whose book on Calcareous 
Cements contains in its opening chapters many references to 
matters of historic interest, and to a paper by the same author 
and Major-General Scott read before the Institution of Civil 
Engineers in 1880. 
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RAW MATERIALS 

From the fact that the bulk of the earth’s crust consists of 
acid oxides, and tliat carbonates of lime, though less common, 
exist in colossal quantities, it may well be* su])posed that Port- 
land cement, consisting of basic silicates and aluminatt'S, can 
be manufactured in many parts of the globe. It is therefore 
interesting to note how slow was the growth of the industry. 
The explanation is to be found in the ignorance and prejudices 
of' the majority of architects, engineers and buildcTs, and the 
casual and empirical mode of manufacture in the early days, 
which led to the production not only of material poor and un- 
certain in quality but positively dangerous to use, because its 
chemical instability causes its (expansion when in the work to 
such a degree as sometimes to destroy the structure. There 
was another reason of equal importance, namely, the existence 
of deposits in this country of chalk and clay so abundant and 
excellent in quality that they were looked upon as a sort of 
standard raw material, and less amenable substances such as 
limestone and shale were regarded as of secondary importance. 
But the amount of true chalk in the world is relatively small. 
It is found in the south-east ])art of England, across the Channel 
in the part of France immediately opposite, and in the northern 
part of Denmark. As far as I am aware, these are the only 
deposits of importance on the face of the globe. 

It will be easily understood that there are many varieties of 
calcium carbonate which border on what is generally called 
white chalk, but arc not, as that is almost pure CaCOg, and 
so soft that it can be made into a. slurry by mere w^ashing with 
water, with so little mechanical force that it can be rubbed 
down to a paste betweeh the fingers. The variant nearest to 
white chalk is grey chalk, which contains a certain amount 
of clayey matter. This and examples of all the chief raw 
materials used for making Portland cement and other types 

i6 
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treated of in this book arc collected in this chapter under groups 
as far as classification is practicable. 

These records are admittedly incomplete, but may be re- 
garded as representative of the class of material which ma^ b 5 
usefully efiiploycd in the manufacture of cement. 

It will be seen that the range is very large and that the old* 
notion that cement can be made only at jmrticular places is 
exploded, but that notion held long enough to cause much 
injury to the industry, purely for want of technical knowledge. 

It is not more than thirty years ago wIkmi an eminent cement 
maker said to tljc author, quite seriously, that theu’e was no* 
chemical reaction betwe-en the chalk and the clay which he 
used; he added, “Cement is juade in the wash mill,’.’ and in 
that res]M‘ct was right, because a bad mix v'ould obviously make 
a bad cement ; but as to what happened in the* kiln he had no 
idea, and rc'garded it as part of a ceremony ratheu' than the 
essence of the proci'ss. 

For convenience th(‘ raw mat dials are divided into groups 
according to their nature and not according to their country' of 
origin. 


MEDWAY DISTRICT 


Chalk 1 

i 

White Chalk. 

Grey Chalk. 

Silica . \ 1 

Insoluble j * * ' ’ 

i* 3 <) 

5-03 

3-82 

Ferric Oxide and Alumina f ' 
l| 

0*20 

0’i8 

] 0'53 

/0-40 
\ 4-00 

Lime . . . . j 

42-92 

4 i' 3 .a 

50 ’56 

Magnesia . . , | 

0-42 

o- iO 

0*72 

Sulphuric Anhydritlc . 

Trace 

Trace 

'ITacc 

Carbonic Anhydnde . ; 


32-96 

1 

Water . . . 

i()-o 3 

I 7 ’ 3 U 

0 

b 

Alkalies and loss . . ; 

^>'53 

1*84 

1 

100-00 

100-00 

100-00 


Only three examples, two of grey chalk and one of white, 
are given, but they may be regarded as typical. The deposits 
of both varieties are sufficiently uniform to make them as easy 
to work, so as to obtain a uniform mix, as any material, the one 
considerable factor of doubt being the fluctuating quantity of 
water according to the weather. A normal figure of about 
20 % to 25 % for white chalk is quite sufficient to allow the 
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cfialk to he beaten to a paste without the addition of extraneous 
water, and it can easily be understood how readily such a material 
can be turned into slurry in the wash mill. 

‘ Although not sf-rictly in order, I here insert the substance of 
a communication which I have received from a cem'ent maker 
whose experience is both extensive and fully up to date. He 
deals with the question, as a whole, of the raw materials in use 
on the Thamc's, giving figures for all three, viz. chalk, clay and 
fuel. The figures for chalk can be compared with those given 
above, and the others with tho.se set forth in later sections of 
,this book. 

My informant, Mr. C. W. Sharrock, to whom I tender my 
best thanks, says : “ The average analysis of chalk is over a period 
of twelve yc'ars and covers some liimdreds of tests. Thc^ com- 
position is wond(Tfully uniform, the most variable item being 
water, which in the summer is round about 20 % and in the 
winter gels up to 24 

Jhe analysis given for the chalk is as follows — 


Silica ...... oqo % 

Alumina and I'ernc C>xi(le . . o-k) ,, 

T-ime ...... 55'oi ,, 

Magnesia ..... ,, 

Sulphuric Anh>dii(le . . . 0*29 ,, 

Carbon jc Anhydride . . . . 43*01 ,, 

Alkalies ...... o*.j6 ,, 


100-00 


These figures represent the composition of the dry chalk. The 
average percentage of water in the chalk was found to be 22’04 %. 

Similarly, the analysis of Medway clay given below repre- 
sents an average of many hundreds of tests over a period of 
twelve or fourteen yearb. To use my informant’s own words : 
“ I have found the composition of the material generally uniform, 
the chief variation being in the water content, but where grab 
clay is taken there is very little variation. Occasionally, when 
hand-dug clay is used, or even machine-dug clay, where they 
arc just breaking a new surface we sometimes get an excess of 
fine silica and water, due to a dejx)sit in what are locally known 
as ' rillways,’ or channels formed on the upper surface of the 
clay, but these are only exceptional and do not call for serious 
consideration.” 

• The average analysis referred to is as follows — 
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Silica .... 


57*02 

Ferric Oxide . 


. 6*04 

Alumina .... 


1 6*20 

Ijmo .... 


3'27 

Magnesia 


* 2*62 

Sulphuric Anhydride 


0*07 

Alkalies .... 


I *60 

Iron Pyrites 



Combined water and loss . 


10*65 


100*00 


This is the composition of the dried clay. The average per- 
centage of water in, the clay as dug is ^4-8 %. 

In the case of coal (which may b(' conveniently included here) 
three typical analyses— (r) " Rvhope,” (2) “ Silksworth,” (3) An 
average Midland ('oal- have been given me, end my correspond- 
ent makes a remark which ap])ears to me veTy cogent. Thirteen 
years ago “ Kyhope ” coal was regarckd as the only coal to use, 
it being very low in moist ure*, fairly high in volatile matter, and 
very uniform in quality. The next coal approximating ta 
“Ryhope” was '' vSilksworth,” and the opinion then prcvailecl 
that these were the; only safe ce)als to use. On this account the 
prices of these coals were raised excessively, a fact which led 
my informant to try other sources. His experiments, made on a 
practical manufacturing scale, convinced him that this claim 
could not be sustained. He adds : “ The sum total of my 
experience is that any coal, approximating to the average 
analysis I have given you of Midland coal, is quite suitable and 
safe to use ; and if the price is anyw'here in the neighbourhood 
of 15 % below that of ‘ J^yhope ’ or ' Silksworth,’ it is the most 
economical.” I may add that from my own experience I agree 
entirely with this statement. 

The analyses referred to arc stated below — 


Vol. matter . 
Fixed Carbon 
Ash 


Moisture .... 

Cal. Val. (Cal. per kilo) . 
B.Th.U. ... 

Evap. power (lbs. of water at 
100° C.) . 


“ Ryhope ” 

“ Silksworth.” 

Average 

Midland. 

28*77 

26*51 

29*56 

59 ' 9 ^ 

63-95 

57-73 

11-31 

9-54 

12*71 

100*00 

100*00 

100*00 

2*09 

2-14 

R75 

— 

7639 1 

7117 

— 

i 13750 

1 12810 

— 

1^-25 

13-26 


• 




20 


CEMENT 


Although not strictly in place in this book, yet these figure 
are so informative and are so well marshalled and commente< 
on^by Mr. Shari;ock, that 1 have preferred not to separate then 
and relegate each of the raw materials to its own section. Othe 
figuri's, many of them my own, are set forth below — 

BRITISH ISLES 


Limestniu s. 

! Buxton 

N Wall's. 

S Walls 

N 

l'i.gl.iu.! 

N in- 

anil , 

Silica ) 

Insoluble / 

1 

i 

114 

14-88 

1*00 

0-36 

0-50 

Ferric Oxide \ 

Aluinina | 

j o’o6 

0‘4i 

2-6o ; 

ITO 

0-2f) ' 

0'12 

Lime . 

1 55 ’Co 

5 r <^4 

45-57 ■ 


55-52 ' 

55-10 

Mngnesia 

0’2() 

0*2<) 

0-42 

0-73 

0-20 j 

0-27 

Siilpluiiic Anliytlridc 

i I'racc 

0*00 , 

'I'race 

— 

0-11 

0-T(j 

Carbonic Anhydride 

: 'Lr'»- \ 

. ; 


1 '-Sr 

/ 43-52 

42-72 

Water . 

1 o*o8 i 

43 '^^ 1 

37 1^ 

•1“ 

t o-o8 

0-0 8 

Alkalies and loss 

[ — 

i 1 

1 ~ i 

- ■ ' 

— 

— , 

o*og 


jioo’oj 

1 i 

1 100-00 

9 Q '97 1 

1 00 -00 

100 -02 ^ 

loo-oc 


Liini'stoiu’b , 


Oxlonlsliirc 

1 

i 

Iril 

l/ul. 

Silica . 

2-30' 

I *22 

0*48 

3'74 |\ 



Insoluble . . 1 

0-04 

0-66 ' 

0-52 

21-94 :j 

II 78 

9 07 

Ferric Oxide \ 

Alumina / 

1-50 1 

1-04 

I*0() 

I -So ' 

3*26 

2 - 2 C 

Lime . . . 

52-72 i 

53 '^2 

54 ‘36 

39-52 ; 

42-81 

48-10 

Magnesia 

0-47 1 

0-44 

0*01 

‘^■45 1 

2-76 

o-8e 

Sulphuric Anhydride 

Trace : 

0*12 

Nil 

o-i8 1 

— 

— 

Carbonic Anhydride 
Water . 

! 

0-68 

42-26 

0-66 

42-60 

0*40 

31*36 

0-98 j 

^ 38-00 

! 38*3^ 

Alkalies and loss . 

“ 

i 

■ — 

” 

1*39 

1 * 3 ^ 

i 

99*90 

1 

1 

100*02 1 

100-03 

99*97 

1 

100-00 

1 

' 100 -OC 

Buxton limestone 

is one 

of the 

purest 

in the 

world, 

and 


therefore used chiefly for making lime for chemical use. 
may be supposed on this ground that but little interest hi 
been taken in cement manufacture in the Buxton region. 

There is an example about equally pure from North Wal 
which is used for chemical purposes and for blast furnaces, bi 

also very largely for cement, and one of a totally different cha 

^ 
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argillaceous matter to make a cement. There are other excellent 
samples of almost pure limestone from Oxfordshire, the North 
of England, the North of Ireland, and several others which are 
more or less siliceous. It must not be supposed that this is 
necessarily ‘a disadvantage. If the ])roportion and quality of 
the siliceous matter an* suitable there will be less COo to drive 
oif, and the amount of material handled will be materially 
deen'ased. 

The comments on these analyses a])ply to most of the othei's 
classified according to the countries from which they were sent 
to me. Details of the part of the country of origin from which 
they couK' arc ncT always available, but for the present purpose 
it is sultii'ient to record the laige range of composition of lime- 
stones suitable for cement making distribid 'd from S. America 
to Siam and from Russia to S. Africa. 





Sl.l 


Shw 

Icn. 

Silica \ 

Insoluble i 

0*20 

0*50 

1M4 

f 

1 0*21 ^ 

2*76 

0*54 

b'erric Uxide ) 

Alumina 1 

o-5a 

0*28 

0*40 

()*t)3 

0*70 

0*10 

Lime 

35 ‘oo 


51*00 

40*80 

53*54 

55*29 

Magnesia 

«'53 

0*50 

0*05 

i*I2 

0*50 

0*24 

Sulphuric Anhyclnde 

draco 

0*19 

0*2() 

0*50 

1 race 

Trace 

Carbonic Anhydiicle 


•13M« 

42*80 

32*10 

41*28 

41*52 

Water . 

o-o6 

0-03 

«*55 

2*13 

1*17 

2*29 

Alktdies and loss . 




0.4 




loo’oy 

100*00 

100*00 

100*00 

100*01 

99*98 








! 

r’urtugal. 


S America. 


: Silica ) 

Insoluble f 

1 8-01 

5*66 

1 

0*30 

5*98 

0*40 

Ferric Oxide . 

Alumina 

7’0o 

a-t/) 

3'i4l 

i'«5/ 

1 0*56 

0’34 

0*67 

0*48 

Lime 

33'ib 

E>-.U 

I 5«*59 

53U2 

50*76 

55*08 

Magnesia . . ! 

1-25 

I’ll 

1 2*0O 

^*37 

rr ^ 

0*38 

Sulphuric Anhydride ! 

I MO 

2*19 

; Trace 

Tl race 

T race 

0*03 

Carbonic Anhydride i 

— 

— 

i 37MO 


40*40 

43*60 

Water . 


30*28 

1 0*22 


1*01 

— 

Alkalies and loss . 

1-50 

0*43 

i 

1 JNil 


0*03 


100*00 

100*00 

1 

100*00 

99*97 

1 

ioo*o6 

100*00 
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Westphalia. 

Norway. 

W. Indies. 

S. Africa. 

Silica and Insoluble 

13*20 

4*o8 

25*84 

0*76 

■ 

21*74 

10*70 

Fci;ric Oxide . • . 

Alumina 

1*82 

4'56 

0*88) 

1-74/ 

6*84 

o*6o 

5-52 

3-76 

Lime 

43-14 

51-37 

34*8o 

4^'>-39 

46*00 

51-56 

Magnesia 

o*8i 

0 * 4 ^ 

^‘45 

7*71 

o*8o 

0*52 

Sulphuric Anhydride 

0*01 

0*0 8 

Trace 

I race 

— 

— 

Carbonic Anhydrule 
Water . 

34*10 

2*24 

40*281 

1-14/ 

30*07 

d 4 - 5 l 

23*10 

33-44 

Alkalies aiifl loss . 

0*12 


— 

■ — ■ 

0*84 

0*02 


100*00 

100*00 

j 100*00 

j ig/^^’oo 

1 100*00 

100*00 



! I'-pyi’t- 

India. 

Fr.iiicc 

Silica and Insoluble . 

i 

• i 7’35 

I*T 2 

2*51 

0-55 

Ferric Oxide . 

0*701 

0*40 



Alumina . 

. 1 o*c)9 f 

1*17 

0*20 

l.irno 

• 1 50-15 

5 no 

5^ i‘S 

54-07 

Magncsi.i . 

0*72 

0 (>5 

0*42 

0*51 

Sulphuric Anhydride 

. : 0*21 

Tiace 

Trace 

Trace 

Caibonic Anhydride . 
Water 

30*28) 

0-5 1 1 

43-3-1 

42*72 

43-77 

---- - 

} 100*00 

i 

100*00 

100*00 

100*00 



laniai'-a 

Si.iui. 

Silica and Insoluble 

0*20 

0*44 

Ferric Oxide . . . \ 

Alumina . . . . / 

o*oS 

0*12 

Lime ..... 

56*02 

54-90 

Magnesia .... 

0 24 

0-95 

Sulphuric Anhydride 

Trace 

Trace 

Carbonic Anhydnde 

43-28 

43*60 

Water. .... 

0*18 



100*00 

1 100*01 


Before leaving the question of raw materials of the limestone 
class a word may be said of a few that do not quite fall into 
the ordinary category. Two analyses of calcite arc given below. 
These are as nearly pure specimens of calcium carbonate as one 
is likely to find in nature except picked crystals of Iceland 
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spar. Another is marble, and a curious fact may be recorded 
of that. If a close analysis is made it will be found that the 
CaO and CO2 do not quite balance, the CaO being slightly irf 
excess. As marble has been fonned from other varieties of 
CaCOg at a high temperature under pressure, this is natural* 
enough, as some COg must have almost certainly escaped in the 
process. Another exami)l(^ is coral, of which two examples are 
given. Siliceous constituents in coral may conceivably be part 
of the anatomy of the insect, but is much more likely to be 
fine sand which lias been entangled in the growth. Small sca» 
shells and oyster shells dumped from canning factories are also 
a source of supply of calcium carbonate, and, pro\dded there is 
not too much difticulty in freeing them from extraneous sand 
arc quite suitable. 



Cal 

ito 

Maihlf. 

Oir.il 

Shull. 

Silica 

0*10 \ 


f 0*06 

j 0*06 


. . 

Insoluble 

0-10 / 

0*20 

1 - 

4'53 

2*VS 

Feme Oxide . 

Alumina 

— 1 
— f 

0*12 

0*0() 

0-31 

1*95 

|'0*20 
{O' 1)0 

I.imc 

55*90 

55*74 

55 *<>b 

54 * 7 ^ 

51*14 

52*40 

Magnesia 

— 

O' 13 

<)*(j j 

0*28 

0*52 

0*13 

Sulphuric Anhydride 



— 

— 

0*10 

0*27 

Carbonic Anhydride 

45*85 

43 *(>b 

^ 43*bo 

42*72 

40*40 

40*80 

Water . . . \ 

0-05 

fo'io 


f 1*38 

/ 2*60 

Alkalies and loss . J 

10-05 


l «*54 i 

1*36 

1 - 


100*00 

100*00 

100*02 i 

100*00 

100*00 

100*04 


Blue Lias Deposits 

I now pass to the consideration of another class of raw materials, 
i. e. blue lias lime deposits. In this country they stretch from 
the N.E. to the S.W., and have almost a uniform composition. 
They are intercalated with a calcareous shale which contains so 
much CaCOg as not to differ greatly in its composition from the 
limestone, but there is a fundamental physical difh'rence. Blue 
lias limestone is a hard compact stone little affected by water. 
Its companion the shale, when dry, may appear equally hard 
and compact, but when exposed to weather goes to mud. The 
effect is best seen at a place like Lyme Regis, where the coast, 
consisting of the blue lias formation, is subject to erosion. The 
cliff falls bit by bit and lies on the foreshore. The shale is slowly 

1 Corresponding to 99*09 % Calcium Carbonate = 55*49 Lime. 
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washed away, but the limestone is merely rounded like any other 
' shingle. So well was this recognised that small ships used to 
come to Lyme Regis (and probably do so still) to gather up 
these stones and convey them to South Wales, where they are 
Ibumt to blue lias lime. 

Deposits of this kind are particularly well suited for the manu- 
facture of Portland cement, but as the range of composition of 
the different layers of limestone and shale may be considerable, 
the strictest chemical control is essential if the manufacture is 
• to be commercially successful. 

As indicating the range of composition of the limestone and 
intercalated shale, the following examples may be cited — 


Silica 

Insoluble 

Feme (Jxide . 

Alumina 

•lame 

Magnesia 

Sulphuric Anhydride 
Carbonic Anliydride 
Water . 

Alkalies and loss 




Limostones. 


) 

1275 

f 2-03) 

\ 13*02 1 

12-64 

} 

2*88 

f I*00\ 

\ 1*04) 

5*42 


45-62 

44*84 

43*28 


O-QI 

I-I 5 

1*30 


0-72 

0*16 

o ’35 

/ 

36-3^ 

1 078 

33 70 \ 
12 * 80 ) 

* t0'20 

36*56 

0*45 


100*00 

100*00 

100*00 





Shales. 



Silica 

32-55 

3777 

52 - 8 ^ 

40*34 

38-41 

Ferric Oxide . 
Alumina 

2*26 

8-44 

3 - 4 i\ 

5-381 

14*26 

11*14 

12*07 

Lime 

27-91 

27-34 

14*76 

23*06 

23*29 

Magnesia 

2-27 

1-10 

1-42 

1-42 

I '35 

Sulphuric Anhydride 1 

Trace 

— 




Carbonic Anhydride \ 
Water . \ . j 

I 22-56 

23-32 

14*62 

22*26 

I 22*01 

Alkalies and loss 

4*01 

1-68 

2*14 

1*78 

2*87 


100-00 j 

1 j 

100-00 

100*00 

100*00 

100*00 


It will be seen that there is ample variation to allow of adjust- 
ments from the different strata so that the ultimate mix shall 
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be of the right composition, but unceasing vigilance is necessary, 
and the notion that a deposit of this kind can be used as a raw 
material by merely tearing down the whole face of the quarry * 
and mixing it is now happily discarded. 

Marls 

There arc many other materials which are both calcareous 
and argillaceous and may be termed generically marls. The 
best known examples are those found in the Cambridgeshire 
district, wh(Te much of the material has a composition nearly , 
appropriate for making Portland cement, but in modem practice 
is carefully brought to the correct composition and thus makes 
good cement. 


CAMBRIDGE MART.S 


Silica 


’ 

17-20 

i8-20 

18-00 

16*70 

Alumina 


3-06 

4-04 

4*49 

3 *60 • 

Oxide of Iron . 


2-44 

2-70 

2-91 

2'5o‘ 

Calcium Carbonate . 


74-(>o 

74-00 

73’oo 

75‘30 

Magncsi<i 


1 -OC) 1 

0-44 

I «’94 

0-94 

Undetermined 


1-70 I 

o'5() 

' 0-6O 

0-9O 



100-00 j 

100-00 

1 100-00 

100-00 


CAMBRIDGE MARLS 


Silica .... 

0 

op 

19-80 

14-46 

16*41 

Alumina 

379 

4'05 

4-11 

3*13 

Oxide of Iron . 

2*41 

275 

2-89 

2-08 

Calcium Carbonate . 

74-60 

72*60 

77-10 

76-20 

Magnesia 

0-72 

0-47 

0-80 

0-94 

Undetermined . . | 

0-68 

0*33 

0-64 

1-24 

1 

1 100*00 

100-00 

100-00 

j 100*00 


It will be seen that these range from a material which, when 
burnt, will give a cement, per se, to those which are of value 
only as additions to more calcareous materials. This useful 
property has led to many mistakes. The deposits in Cambridge- 
shire and similar deposits in Belgium have been burnt without 
any attempt to regulate their composition, and although they 
have produced cement of fair quality, they could not in the 
nature oi things provide a true Portland cement. This has led 
to a bad reputation for cement made in both places — a repu- 
tation most unjust to the genuine Portland cement, which is 
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produced at both places.* Sold under its proper name, cement 
made by the direct burning of a suitable marl is a legitimate 
'product, but sold as Portland cement it is a fraud. In this 
coniiection it is pertinent to quote a case which is .within the 
'author's personal knowledge. Cambridgeshire cement, made 
from a marl of the sort quoted above, was being sold as " blue 
lias lime ” ; there is no blue lias formation in Cambridgeshire, 
and the firms who produced genuine blue lias lime brought an 
action against those purveying the Cambridgeshire material. 
The equity was clear enough, but the blue lias people lost their 
case on the ground that a trade custom had grown up of calling 
hydraulic lime "blue lias lime,” irrespective of its origin. As 
obiter dicta it may be said [a) that a custom of the kind should 
be keenly watched by the trade affected and stopped before it 
becomes recognised in law ; and (b) that action should be taken 
in the High Court instead of before a stipendiary (as is usually 
done), as the Court is then more competent to decide highly 
technical points. The instance given is by no means a solitary 
one; within the author’s experience similar incidents have 
happened sometimes in quite different materials, much to the 
disadvantage of the honest trader. 

The next material to be considered is clay and its congeners. 


Clays 

The typical argillaceous material used in cement manufacture 
is some form of clay, and examples of the chemical composition 
of such clays are given below. 


i 



Medway Clay. 

Gault Clay. 

Silica 

5873 

55*29 

58-08 

33*28 

55*15 

Alumina . 

18-29 

16*38 

14*55 

13*57 

12-26 

Ferric Oxide . 

7-84 

7 *L 5 

9-89 

6*37 

4*36 

Lime 

0*62 

— 

0*75 

17-92 

10*14 

Magnesia 

2-24 

0*21 

1-99 

1*54 

1-89 

Sulphuric Anhydride 


3*21 

— 

0*71 

Trace 

Carbonic Anhydride ) 
Water . . . f 

12*28 

17*56 

14*74 

15 * 38 \ 

7-98/ 

15*47 

Alkalies and loss 

— 

— 


3*25 

0*73 


j 100*00 

j 100-00 

j 100-00 

j 100-00 

j 100*00 
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N. England. 

N. Ireland. 

S. Wales. 

Silica .... 

47-18 

46-00 

. 64-38 

. 56*96 ' 

Ferric Oxide . 

Alumina . 

7 ' 3 « 

25*66 

5-00 ] 
14-26 / 

22*40 

iS*i6 

Lime .... 

1*52 

7*16 

1*14 

7*80 

Magnesia .... 

I -80 

4 -06 

2-40 

i*8i 

Sulphuric Anhydride 

Trace 

0*31 

— 

— 

Carbonic Anhydride . . ) 

Water . .* . . | 

13-10 

r6-i8 1 
18 * 57 / 

6-08 

io-i6 

Alkalies and loss 

3'44 

8-46 

3*60 

5*11 

• 

1 100*00 

j 100*00 

100*00 

100*00 



jamaioa. 

Hong 

Kong. 

Silica ...... 

58*18 

53*26 

53*62 

Ferric Oxide . . . . . 

7*92 

1*90 

2-14 

Alumina . . . . . 

20-36 

30-10 

29-58 

Lime 

2-56 

0*32 

0*12 

Magnesia . . . . . 

1-66 

0*63 

0*99 

Sulphuric Anhydride . . . 

0*16 

Trace 

Trace 

Carbonic Anhydride - . . \ 

Water / 

8*14 

12*44 

11-30 

Alkalies and loss .... 

1-02 

1*35 

2-25 


100*00 

100-00 

100*00 


■ 

S. America- 

Silica .... 

55*64 

55*26 

'48-36 

59*46 

Ferric Oxide . 

3-82 

4*77 

6*20 

6*55 

Alumina 

21*36 

23*09 

15*56 

i8-oi 

Lime .... 

0*32 

0*82 

6*00 

0*34 

Magnesia 

1*72 

1*18 

3-82 

1*01 

Sulphuric Anhydride 

0*41 

0*99 

2*23 

0-65 

Carbonic Anhydride . 1 

Water . . . . / 

11-96 

9-80 

11*70 

8-40 

Alkalies and loss 

4*77 

4*09 ; 

j 

6-13 

[ 

5*58 

1 

! 100*00 

j 100*00 

j 100*00 



1 lOOOO 
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Siam, 


'Silica 

68-14 

77*92 

76-66 

Ferric Oxide . . 

3‘52 

4-10 

5*i6 

Alumina ..... 

7*22 

8-50 

8-68 

^Lime 

9-04 

0-96 

0-24 

Magnesia ..... 

0-46 

0-38 

0-50 

Sulphuric Anhydride 

Trace 

Trace 

Trace 

Carbonic Anhydride 

Water 

6-47) 

4*23 f 

6-12 

; 6-50 

Alkalies and loss .... 

0-92 

2-02 

2*26 


100-00 

^ 100-00 

lOO'OO 



Mexico. 


Russia. 


Silica .... 

61-96 

49-10 

51-50 

52*70 

53*96 

Ferric Oxide . 

5*10 

4-62 

6-65 

6-80 

7*77 

Alumina 

13-84 

11-84 

22-19 

21-70 

22-73 

Lime .... 

4-12 

10-00 

2-22 

2-04 

0-84 

Magnesia 

1*37 

2-52 

1-37 

1*44 

1-17 

Sulphuric Anhydride 

0-09 

4*22 

Trace 

Trace 

Trace 

Carbonic Anhydride 

9-60) 





Water .... 


17-70 

12-40 

12-04 

8-48 

Alkalies and loss . 

3*92 j 

3-^>7 

3-28 

5*05 


100-00 

100-00 

i 

100-00 j 

100-00 

100-00 



Sweden. 

Silica .... 

34-28 

52-08 

Ferric Oxide 

4-41 

7-00 

Alumina .... 

9*2 “5 

12-26 

Lime 

24-16 

8-8o 

Magnesia .... 

2-46 

2-45 

Sulphuric Anhydride . 

Trace 

Trace 

Carbonic Anhydride . 

19-30 

6-61 

Water .... 

3*68 

5-85 

Alkalies and loss 

2-46 ; 

i 

4*95 


j 100-00 

1 100-00 
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1 

Singapore. 

Silica ' 

53*90 

51-22 

y 

4J-S0 

Ferric Oxide . . . . . 

4‘9l 

3*57 

7-00 

Iron Pyrites 

2*19 

2-63 

— 

Alumina . . . . . 

i 8 *i 9 

i6-i8 

18-82 

Lime ...... 

3*i8 

0-42 

0*76 

Magnesia . . . . . , 

i*Go 

0-89 

1*25 

Sulphuric Anhydride . . . , 

0*29 

1-63 

I-II 

Carbonic Anhydritle . . . | 




Water [ 

1574 

23-46 

23-26 

Alkalies and loss . . . . J 




i 

100-00 

100-00 

100-00 


Iudid> 


Silica .... 

37-66 

58-02 

60-76 

58-04 

Ferric Oxide 

5-71 

‘ 7-59 

7-98 

8-68 

Alumina .... 

9-86 

15*50 


13*34 

Lime .... 

21-78 

2-84 

2-26 

6-02 

Magnesia .... 

2-00 

1*95 

2*08 

2*52 

Sulphuric Anhydride 

Trace 

Trace 

Trace 

Trace 

Carbonic Anhydride . 

Water . . . . j 

21-00 

7-70 

7-04 

9-50 

Alkalies and loss 

r9(.J 

i G-J3 

1 

5*36 

1-90 


100-00 

1 100-00 

100-00 

100-00 



W. Indies. 

Silica .... 

54*35 

56*99 

Ferric Oxide 

10-03 

io-i8 

Alumina .... 

22-42 

17-83 

Lime ..... 

2-99 

2-14 

Magnesia .... 

1-60 

1-29 

Sulphuric Anhydride . 

Trace 

Trace 

Carbonic Anhydride . . 1 



Water . . . . J- 

8-6i 

11*57 

Alkalics and loss . . J 




100-00 

100-00 


It will be seen from these analyses that there is a large range 
of composition within which clays are, suitable for making 
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cement. As previously observed, the local conditions must be 
regarded and the clay must be chosen in relation to the calcareous 
diaterial with which it will be used. The plain straightforward 
case 6f a typical clay and a typical limestone or chalk rarely 
dccurs, and any attempt to lay down a general rule would be 
misleading. The calculation of the composition obtainable from 
any two materials involves nothing but ordinary arithmetic, 
but decision as to whether a deposit of both substances is of 
commercial value is a much more complicated matter, depending 
.as it does on such factors as the cost of transport and fuel. 


Shales 

A selection of analyses of shales is given : like the clays, their 
composition varies, and must always be regarded in relation to 
the calcareous material with which they are to be used. 



N. Wales. 

I rein 11(1. 

Silica .... 

Co -54 

44*53 

Ferric Oxide 

8-05 

2*28 

Alumina .... 

19-59 

8*34 

Lime. .... 

0*34 

20-12 

Magnesia .... 

1-50 

0-82 

Sulphuric Anhydride . 

Trace 

— 

Carbonic Anhydride . 

— 1 


Water .... 

! 4 * 7 ^/ 

20-30 

Alkalies and loss 

5-20 

3 -bi 


100-00 

100-00 



S. Rus.sia. 

Egypt. 

Silica ..... 


57-60 

23-58 

31-59 

Ferric Oxide .... 


10-47 

4 - 3 (> 

5-19 

Alumina .... 


16-77 

12-45 

I7‘44 

Lime 


1-42 

27-20 

i8-i8 

Magnesia .... 


2-05 

1-28 

1*50 

Suljphuric Anhydride 


0*07 

0*48 

0-20 

Carbonic Anhydride 

•1 

8-68 

20-92 

13-57 

Water 

.J 


9*12 

11*43 

Alkalies and loss 


i 2*94 

o-6i 

0-90 


100-00 

1 

100-00 

100-00 
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Silica 

Ferric Oxide 
Iron Pyrites 
Alumina . 

Lime 

Magnesia . 

Sulphuric Anhydride 
Carbonic Anh\^('rulo 
Water . . ' 

Alkalies and loss 


46*98 

43*52 

43*16 

41-70 

54*84 

12-65 

1 2 -08 

I2-i8 

. 9*32 

10-50 

2*55 

0-36 

3*36 

4*39 

— > 

19*59 

21-40 

22-38 

20-69 

18-00 

1*34 

3*34 

1-96 

1*94 

1-68 

I -41 

2-30 

2*33 

2*34 

2*53 

Trace 

Trace 

Trace 

Trace 

Trace 


|'i2-84 

) 



' 8-52 

15*48 

'1 1 

[14*63 

19-62 I 




1 4*10 ; 

J 



3*93 

100*00 1 

100-00 i 

100-00 

100-00 

100-00 


Rhod(“?ia. 

1 p- 

Africa. 

1 


Silica 

Ferric ( )xi(lc 
Alumina 
Lime 
Magnesia 
Sulphuric Anhydride 
Carbonic Anhydride 
Water . . 

Alkalies and loss 


55 -^^4 

I’lO 

e(>*32 

2*40 
0-38 
Trace 

10-521 
3'^j 
I 100-00 


/ ! 


56-20 

8-91 

17-69 

0-96 

2*95 

Trace 

13-29 


58*18 

8*57 

I4‘83 

3*34 

2-52 

Trace 

12-56 


Natural Cement Rocks 


There are various substances of less importance than those 
given above which ought certainly to be included as valuable 
raw materials for the production of hydraulic cement. These 
are as follows — 


NATURAL CEMENT ROCKS {American), (Eckel) 


Silica . 

Ferric Oxide, 
Alumina 
Lime . 

Magnesia 

Caroonic Anhydride 
Water . 

Alkalies and loss . 


I Kosen- 
1 dale, 
i N.Y. 

! 15-37 

2-25 
i 9*13 
I 25*50 
I 12-35 
' 34*20 

5”) 

I 100-00 


Louis- 

ville, 

I Ind. 

i Lehigh, 
j Pa. 

Hancock, 

Mary- 

land. 

Utica, 

111. 

Buffalo, 

N.Y. 

13*65 

18-34 

19-81 

12*22 

9*03 

1*451 


1 2*41 

3*90 

0*85 

3*46j 


l7*35 

9*39 

2-25 

; 34*55 

37*60 

35*76 

24-40 

26*84 

7*97 

1*38 

2-18 

10-43 

18*37 

35*92 

3*00 

31-06) 

/ 3*94 f 

31*74 

38*48 

1 40*33 

t 0*98 


I0-I9 

0*75 

1*18 

1*35 

j 100*00 1 

100-00 

100*00 

100-00 

100*00 
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These analyses, which are given by Eckel in his well-khown 
book, indicate the considerable range of composition of cement 
rocks used in the United States. Perhaps the best known and 
mcfet characteristic is the material from Rosendalc in the State 
of New York. Its most noteworthy constituent is magnesia, 
which jn Portland cement is looked upon with considerable 
suspicion, if in more than a small quantity. But natural cement 
rocks arc burnt at a comparatively low temperature, and the 
magnesia not only causes no ill chect but may itself act as a 
cement. Whether this is so or not, the value of natural cement 
of this class has been repeatedly proved in practice on a large 
scale, as although its strength is low it is sufficient for many 
purposes and can be easily and cheaply manufactured. Three 
others in the list of analyses are similar to Rosendale cement 
rock in that they contained a considerable percentage of magnesia, 
but the other two — Lehigh and Hancock — more nearly resemble 
natural cemcait raw materials, such as the various hydraulic 
limes and Roman cements, their percentage of magnesia being 
similar to that in Portland cement, although their composition 
as a whole differs therefrom materially. 


BE1.GIAN NATURAL CEMENT ROCK 


Silica 

1575 

Alumina ..... 

3’95 

Ferric Oxide .... 

I '00 

Lime 

43*10 

Magnesia . . . . 

0*49 

Sulphuric Anhydride 

0*50 

Carbonic Anhydride . . ) 


Water . . . . . j 

35’'^r 


100*00 


In the case of the example quoted above, the composition 
approaches so nearly to that of the raw material as artificially 
mixed for making Portland cement that the Belgian natural 
cement” has sometimes been sold for Portland cement. The 
procedure is not legitimate and has probably died out. There 
are deposits in this country and in other parts of the world 
whose composition is so similar to that of an artificial mixture 
of raw materials for Portland cement that many attempts have 
been made to use the deposits as they occur, without adjust- 
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ment of composition. These attempts have failed uniformly, 
for although a cement of moderate quality can be made, yet it 
is not Portland cement, and will not pass tlie tests of the British 
Standard Specification. 

When, however, the raw materials are corrected in com- 
position by the addition of a little chalk or clay, and mixed 
intimately so as to provide a raw material varying in composition 
within the usual ‘narrow range, they make Portland cement of 
excellent quality, and works of considerable size are using them 
in this way. 

Roman Cement Stone 

An excellent instance of what is really a sort of cross between 
hydraulic limestone and Portland cement 's afforded by the 
cement made by burning the nodules used for making Roman 
cement. As stated in the earlier part of the book, the nodules 
are dredged and burnt just as they come to hand, and 
on account of their relatively high content of alumina and 
ferric oxide are burnt easily at a low temperature. The nodules 
arc characterised by their containing both manganese and ferric 
oxide, to which the colour both of the nodules and of the cement 
is due. The following are three analyses of this raw material— 


Sheppry. 

Harwich. 

Silica .... 

1 6 ’90 

17*20 

21*90 


Alumina 

b73 

^ 1 including 

3*50 

including 

Ferric Oxide 

5-11 


8*20 

MnOa 

Manganese Oxide. 

0*92 

— 

— 


Lime .... 

34*02 

29*34 

32*37 


Magnesia 

2*19 

3*33 

2*71 


Sulphuric Anhydride . 
Carbonic Anhydride 

0*21 

— ■ 



28*62 

26*73 

28*42 


Soda (NagO) 

Combined water, organic \ 
matter and loss . / 

0*88 , 
3-82 

3*80 

i 

2*90 

’ 


100*00 

1 j 

100*00 

1 

100*00 


In two of the analyses the percentage of manganese is not 
separately stated, but it is a characteristic constituent. This 
raw material by itself is unfitted for making Portland cement, 
but might be used in admixture with more calcareous material. 
As the industry is purely local and the output small, this is not 

D 
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likely to occur, and, although Roman cement is an excellent 
material, its use is limited, and is not likely to extend. 

^ ‘ HYDRAULIC LIMESTONES 



Teil. 

Gaillaiit 

quam'^. 

France, 

Lafarge 

quarry. 

France, 

Plassdc. 

Alsace, 

Metz. 

Silica .... 

1375 

14*30 

11*20 

11*03 

Alumina .... 

0-65 

0*70 

5-30 

3*75 

Ferric Oxide . 

Trace 

o* 8 o 

4*60 

5*07 

Lime .... 

^7*00 

46*50 

33 ’50 

43*02 

Magnesia 

— 

— 

1 5'«5 

1*34 

Carbonic Anhydride 

3(^‘93 

36-54 

34*35 

35*27 

Water, Alkalies and loss . 

1-67 

.-,0 j 

3*20 

0*52 


100*00 

100*00 1 

100*00 

100*00 


GRAPPIEI^S 



Teil. 

Senonches. 

Silica ..... 

26*0 

25*5 

Alumina .... 

3*5 

3*6 

Ferric Oxide .... 

0*8 

0*7 

Lime ..... 

66*0 

08*0 

Magne.sia and Sulphur Dioxide . 

1*0 

1*3 

Water, Carbonic Anhydride and ) ; 

-7 

0*9 

Alkalies . . . . . j 


100*0 

100*0 


It is convenient to incorporate these analyses here. They may 
be best read in connection with those of l^ie finished cement. 

The analyses of several types are given; those from the Teil 
district are remarkable for their high content of silica and the 
small percentage of alumina and ferric oxide. Such a siliceous 
limestone would be of little value for making hydraulic lime, 
were it not for the fact that the silica is in so fine a state of 
division that it unites easily with the lime, in spite of the absence 
of ferric oxide and alumina, which in ordinary Portland cement 
serve as fluxing agents. The other two examples are of a different 
class. Both contain an ample amount of alumina and ferric 
oxide, and yield hydraulic limes relatively quick setting and 
resembling Roman cement. In the case of the Teil hmes, 
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setting is slow, and if there is a surplus of lime over and above 
that combined with the silica, slaking isr necessary and is practised 
on a large scale, so much water being used as will hydrate this 
surplus lirne, and leave the cementitious silicate untouched. 
In the course of this slaking it is found that parts of the burnt 
lime have conglomerated into clinkered masses (called " grap- 
piers,” V.S.), and these are easily removed by sifting. They 
are the product *of the action of the lime on any portions of the 
limestone which are not solely siliceous but contain also some 
alumina and ferric oxide, and, in fact, are Portland cement 
clinker. When ground they make excellent Portland cement. 
It must be understood that this material is merely a by-product 
of the great industry of hydraulic lime, practically free from 
alumina and ferric oxide. 

Other hydraulic cement materials may be mentioned, and 
analyses arc given. 


BLAST FURNACE SLAGS 


Silica . 

2070 

29’6 o 

31*60 

32*30 

33*20 

35*00 

Alumina 


137^ 

L 5*^7 1 

16*26 

14*91 

14*43 

Ferrous Oxide 

0-51 

I'O^ 

0*52 1 

0*13 

o‘5i 

0*51 

Manganous Oxide .' 

. 2-98 

2*98 

2*23 1 

1*49 

4*i6 

4:64 

Lime 

42‘I(> 

45*02 

41*82 1 

40*66 

39*93 

38*80 

Magnesia 

3 ’59 

3 *60 

3*89 ! 

3*38 

3*54 

2*88 

Phosphoric Anhydride 

0*14 

0*10 

O'll 1 

o*n 

0*10 

o*i6 

Calcium Sulphide . 

4 '68 

3-83 

4-30 

i 

5*51 

3*69 

3*47 


1 00 '09 

99*94 

99*80 j 

99*84 

100*04 

99*89 

Total CaO 

45 *80 1 

48'0 o 

45*20 

45*20 

42*80 

41*50 

Total Mn 


2-31 

173 1 

1*15 

2*90 

3 *60 

Total S . 

2 -08 j 

170 

1*94 ' 

2*27 

1*64 

1*54 


The type of slag best fitted for the manufacture of Portland 
cement is one which is as basic as possible. The term must not 
be confused with " basic slag,” which has nothing to do with 
the blast furnace, and merely means the slag obtained as a useful 
manurial by-product from the basic process of making steel 
from phosphoric ores. In the case of blast furnace slags suit- 
able for making Portland cement the word “basic” is used 
in its accurate sense. Such slags contain a large quantity of 
lime, and consequently the ratio of basic to acid oxides is corre- 
spondingly high. Frequently the ratio of alumina to silica is 
somewhat high, and the resulting cement, if prepared from such 
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‘slag with a suitable addition of nearly pure limestone, will be 
too aluminous, and therefore too quick-setting. But if the lime- 
>5tone itself is siliceous it may be practicable to correct the ratio 
of silica to alumina and manufacture a Portland cement normal 
in that respect. In this, as in many other instances which have 
been cited, each case must be judged on its merits. There is 
no golden rule ; it is the result which must be held steadily in 
view^ 

There is another material which can be used for the production 
^ of Portland cement. The analyses are set out below. 


ALKALI WASTE {Ammonia Process) 


Silica .... 


1*90 

o- 6 o 

Alumina 


1-41 \ 

3*04 

Ferric Oxide . 


1-38/ 

Lime .... 


48*29 

53*33 

Magnesia 


1-51 

0*48 

Sulphuric Anhydride 


I‘2() 

— 

Carbonic Anhydride 


39-60 

42*43 

Alkalies 


0*64 

0*20 

Water .... 


3-80 ' 

— 



9979 ! 

ioo*o 8 


Two samples are given of waste made by the ammonia-soda 
process, which, as may be expected from the nature of the pro- 
cess, is practically pure calcium carbonate. Obviously, material 
of this kind is suitable for making Portland cement if mixed 
with clay of appropriate composition. 

Alkali waste from the Leblanc process, which has been treated 
by the Chance process for the recovery of its sulphur and has 
thereby been converted into carbonate of litne, is also used. It 
contains varying amounts of sulphur not eliminated by the 
Chance process, and in consequence may be less easy to deal 
with than waste from the ammonia-soda process, because the 
quantity of sulphur permissible in the finished cement is limited 
by all standard specifications. The reason for this is dealt with 
in the section on cement itself. 

PuzzoLANAs, Trass, etc. 

Quite a different sort of cement raw material is represented 
hv fhp nn7.7nlana!s. Thpv rniild donhtle«^si he used for makin«y 
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Portland cement by appropriate admixture with limestone of 
suitable composition and then burning at a. proper temperature, 
but they are too useful in another capacity to be emptoyed iif 
this way. . They, without burning, will, when mixed with ‘lime, 
form excellent hydrauhc cements, part of their silica being 
active enough 1 0 combine directly with the lime in the presence 
of water It is difficult to discriminate between the silica which 
is active and that which is a mere diluent such as is sand, and 
even the best analyses depend on arbitrary conditions. Normally 
the active silica is regarded as that which can be extracted from ^ 
the material by a v?cak alkali, such as i % caustic soda solution, 
but there is no fixed method. Naturally much depends on the 
state of subdivision of the material. If very finely ground, a 
considerable amount of silica otherwise inert will come into 
play. Such a mattcx is a commonplace of physical chemistry, but 
its bearing on the present question has scarcely been recognised 
among those using puzzolanas. In fact, these are often used in 
their double capacity — 

(1) As a substitute containing silica active enough to combine . 

directly, and in the cold, with lime. 

(2) As an aggregate. 

The latter function means the waste of so much good cementitious 
material, but if there is no other suitable aggregate on the spot 
it is intelligible and justifiable. 


PUZZOLANA 


Roman. 


Silica 
Insoluble 
Alumina 
Ferric Oxide . 

Lime . 

Magnesia 

Sulphuric Anhydride 
Carbonic Anhydride 
Water . 

Alkalies. * 


32-64 

25*94 

] 2274 

4-06 
1*37 
Trace 

I 8*92 
4’33 


lOO’OO 


Neapolitan. 

27-80 

35-38 

19-80 

5-68 

0*35 

Trace 

4*27 

6-72 


100-00 
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TRASS 



Java. 

Nevis. 

St. Kitts. 

Silica ..... 

50*40 

68*97 

57-85 

Insoluble .... 

19*32 

— 

Alumina .... 

13*86 

14-83 

17*71 

Ferric Oxide 

3*10 

7*69 

9*24 

Lime . . . , . 

Nil 

2*52 

0*27' 

5-84 

Magnesia . . . . 

0*13 

0*74 

Sulphuric Anhydride 

— 

— 


Carbonic Anhydride . . \ 

Water . . . . . f 

I 2 * 6 i 

1*59 

5*06 

Alkalies .... 

0*32 

: 

3-56 


99*74 

100*00 

100*00 


The raw materials being of satisfactory quality, the next point 
is their handling. There are three things to be considered : the 
calcareous material, the argillaceous material, and the fuel. It 
is Impossible to generalise on this question. Every proposition 
must be considered on its merits, and unless an intimate know- 
ledge is available concerning the cost of quarrying and of freights, 
the most promising undertaking may not succeed. Generally 
speaking, however, as the quantity of fuel is roughly 50% of 
the cement made, for burning and for power, its cost, within 
reason, counts little unless the place is remote, but it may be a 
serious and even prohibitive item when it has to be conveyed a 
long way. There are many fine deposits now undeveloped entirely 
from this difficulty of obtaining fuel on the spot at a reasonable 
price. The question of fuel is dealt with in a separate section. 

It is important, also, to ascertain the physical character of the 
raw materials. This is often overlooked when a cement under- 
taking is being considered. Although the ultimate analysis of 
the calcareous or argillaceous material may seem to be in 
every way suitable, it does not follow that cement can be made 
economically from these substances. Suppose, for instance, 
that the clay is not a true clay but a silt in which there is a large 
quantity of sand, sometimes fairly coarse, naturally this must be 
ground to a fineness which will allow it to mix so closely with the 
calcareous particles that complete union must ensue. The same 
statement holds good with the limestone or chalk, though the 
case is rarer. In any event, a chemical analysis alone is not 
sufficient; a mechanical analysis is useful, and both must be 
controlled by the knowledge of the class of materials which 
can only be gained* by experience. 
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FUEL 

Raw materials, however abundant in quantity and excellent 
in quality, arc useless for the manufacture of cement unless 
there is an adequate supply of fuel at a reasonable cost. It is 
this factor which has hindered so many promising enterprises ; 
when too much attention was directed to t^c raw materials, and 
the fuel question was not fully considered. It is true enough 
that the total quantity of fuel for burning the raw materials 
and for the production of power is, in round figures, only some 
50 % of the weight of cement produced, and, speaking generally, 
there is little difficulty in obtaining a sufficiency of fuel at Ihe 
spot where the manufacture is to be carried on. It happens, 
however, in some cases that local fuel is so poor in quality and 
the cost of carnage of better fuel is so high that an undertaking, 
sound in all other respects, is either prevented altogether, or 
has but a fluctuating and precarious existence. 

In the earlier days of cement manufacture, before the intro- 
duction of the rotatory kiln, the principal fuel used was coke. 
In the earliest type of kiln, which is described under its proper 
heading, coke was mixed with the mixed raw materials, which 
were in the form of irregular lumps, just as they came from 
the drying-floors, precisely as it is mixed with lumps of lime- 
stone or chalk in making ordinary lime. In these older works 
the coke was prepared in a somewhat primitive coke oven, and 
the waste heat was used for drying the raw materials, which 
were pumped out on to the floors in the form of slurry. 

Oven coke, as prepared for blast furnaces and for foundry 
use, is particularly hard and dense, so as to carry the burden 
of these furnaces, and at the date when coke was used in making 
cement it was generally prepared in beehive ovens from which the 
by-products — tar, gas, and ammonia — ^werc not recoycred. Now- 
adays recovery ovens arc almost universal when coke is made 
for metallurgical purposes. But in the early days of cement 
industry recovery ovens were in their infancy, and the cement 
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maker used a non-recovery oven of the type then common. As 
he did not need to obtain a particularly hard and dense coke, 
he modified the oven to some extent, and did not push the 
coking so far as 4s necessary for smelting, but he was still con- 
fronted with the fact that his by-products went to waste. Thus 
'it came about that it was considerably cheaper to buy gas coke 
than to make the coke at the cement works. 


ANALYSES OF COKE 
Oven Coke 




j British. 

I'rcnch. 

Atiiorican. 

Carbon . 


83*40 

91-88 

! 

1 89-27 

91*04 

87*47 

90-37 

Ash 


3-50 

6*91 

7*8o 

5*90 

11*32 

7*95 

Sulphur 


o*8i 

I-2I 

, N.D. 

N.D. 

0*69 

0*90 

W'ater . 


0*99 

— 

1 0*59 

0*23 

0*49 

0*78 

Calorific Value 


7811 

8020 

1 79^0 

8036 

8070 

7983 


Gas Coke 


Carbon . 

. , 88*99 [ 88*86 

Ash 

. ' 9*62 i 6*41 ' 

Sulphur 

. ; 1*39 1 0*96 

Water . 

— 373 : 

Calorific Value 

. 1 7865 1 7938 i 


It will be seen that the chief chemical difference in the cokes, 
whether oven or gas cokes, depends on their content of ash, 
water and sulphur. The ash is important, as it will materially 
affect the composition of the cement which is burnt in contact 
with it. The same remark apphes to the'^ sulphur, which, by 
forming sulphates during combustion, will considerably modify 
the setting- time of the cement. This subject is dealt with in 
the section on cement. The water and ash are, of course, 
diluents, and decrease the calorific value of the fuel. The fuel 
value, as distinct from the influence of these diluents, is best 
ascertained by the direct determination of the calorific value. 

Coke breeze, which is the small refuse of gas coke, has also 
been used, generally by mixing it with the slurry, so as to 
.provide fuel in the heart of the raw material being burnt. It 
is a serviceable material, but has the drawback of containing 
.usually a considerable percentage of ash and sulphur, both of 
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which influence the quality of the cement. Analyses of three 
samples of coke breeze are here given. 


Coke Breeze 


Moisture 

15-82 

12-88 

4*50 

Carbon .... 

52-00 

75-08 

61-34 

Ash • . 

32-18 

12-04 



The foregoing analyses show the general composition of the 
breeze. It is a conaparatively poor fuel, containing as it does 
a good deal of both water and ash, diluents both. It has been 
used in fixed kilns, both interspersed betwe en the lumps of raw 
material, and mixed with the raw material before this is fed 
into the kiln. The high precentage of ash, in either case, forms 
afterwards an integral part of the cement, as although correction 
for its influence on the composition as a whole may be made, 
yet it is impossible to eliminate its local effect. Where an ashy 
piece of breeze is in contact with a mass of cement raw material 
there is an excess of siliceous matter, and the product at that 
point no longer has the normal composition of Portland cement, 
however carefully the original proportions of calcareous and 
argillaceous materials have been adjusted. It follows that in 
modem manufacture, where close and accurate work is the rule, 
the use of a variable material capable of deranging the normal 
composition of the product is discountenanced. 

At the present time small coal is generally used for firing 
rotatory kilns, which alone need be considered in this respect. 
Such small coal as has been used for firing fixed kilns is of a 
similar class, and needs no separate description. 


COALS FOR BURNING CEMENT 



South Wales. 

Derbyshire. 

Lancashire. 

Moisture .... 

Volatile Hydrocarbons . 

Fixed Carbon 

1 Ash . . ... 

173 

30-17 

64-58 

3-52 

27-00 

69-08 

4-91 

41-00 

56-30 

2-65 

42-00 

53*12 

4*88 

Sulphur . ... 


1-43 

I -01 

1-44 

Calorific Value 

8078 

8402 

8120 

1 

^ 8113 
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Newcastle. 

Ryhope. 

SUkswortb. 

Average 

Midland. 

• 

Volatile Hydrocarbons . 

Fixed Carbon 

Ash 

39*00 

57'23 

377 

28*77 

59-92 

11*31 

26*51 

63-95 

9*54 

29*56 

5773 

12*71 

Sulphur . . . • 

1*24 

— 

— 

— 

Calorific Value 

8446 

— 

‘ 7639 

7117 


Other examples of similar coal arc given below— 


Moisture . . • • 

Volatile Hydrocarbons . 

Fixed Carbon 

Ash 

6*79 

37-07 

47*96 

8*18 

8*66 

37-42 

47-13 

6*79 

9*59 

35-56 

46-45 

8*40 

6*27 

36*98 

51*27 

5-48 

Sulphur .... 

1*50 

1 0-65 

0*97 

1*98 

i 

Calorific Value 

6737 

1 (<514 

6302 

! 6830 


Moisture .... 

Volatile Hydrocarbons . 

Fixed Carbon 

Ash 

10*99 

31*88 

52*90 

4-23 

7'74 

31-92 

55*51 

4-83 

3*19 

31*76 

58*40 

6*65 

7’29 1 
32*80 1 
55-41 1 

4-50 i 

1 

Sulphur .... 

1*99 

1*98 

1 

2*23 

1*00 I 

1 

Calorific Value 

6973 

I 7^35 

7573 

1 7438 1 


Indian 


Moisture 

Volatile Hydrocarbons 
Fixed Carbon 

Ash ... . 

Sulphur 

1 Calorific Value 


7*13 

5-42 

7*73 

8*22 

38*01 

37*53 

34*82 

36*84 

36*10 

33-32 

33*90 

34*82 

18*76 

23-73 

23*55 

20*12 

3*89 

6*14 

2*98 

, 3*75 

5270 

5182 

4825 

5288 
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American 


Moisture .... 

2 *08 

1*40 

1*00 

4*90 

0-90 

Volatile Hydrocarbons . 

35*41 

39*52 

39*^7 

38*00 

30*42 

Fixed Carbon 

56*15 

51-69 

55*82 

51*72 

60*30 

Ash 

6*36 

6*13 

3*81 

5*38 

8*38 

Sulphur .... 

1*30 

1*46 

0-42 

__ 

— 


Russian 


Moisture .... 

1-30 

1*10 

1-20 

2*70 

Volatile Hydrocarbons* . 

29-20 

26-00 

29*50 

30-70 

Fixed Carbon 

57-90 

59*00 

58-10 

48*00 

Ash 

11-60 

13-90 

11-20 

i8-6o 

Sulphur .... 

1-30 

1*10 1 

i-io 

1*50 

Calorific Value 

7140 


; 7150 

6280 


These coals represent the usual range of fuel of this class 
suitable for burning cement in rotatory kilns. It will be seen 
that although they vary, as their proximate analyses show, 
yet, generally speaking, they are of the same type, i. e. they 
are coals with a fairly large amount of volatile bituminous 
matter, whilst the ash is usually not more than lo % or 12 %. 
As the ash increases the practical difficulties in burning also 
increase, quite apart from the question of the lower calorific 
value. But it is possible under special circumstances to use 
even a very poor and ashy coal, as shown by the following 
analysis of a coal from the Argentine. 

Argentine Coal 


Moisture .... 

• 6-34 

Volatile Hydrocarbons 

. 20*64 

Fixed Carbon . 

. 28-28 

Ash 

• 44*74 

Sulphur .... 

. 0-55 


This seems a most unpromising material, but nevertheless it 
was successfully burned in a rotatory kiln on a manufacturing 
scale, and produced excellent cement. 

Lignite can also be used. The following analysis may be cited — 

Moisture . . . . . . 25-92 

Volatile Hydrocarbons . . . 47*83 

Fixed Carbon 23*33 

Ash 2*92 
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The ash is a little lower &an usual, but in other respects the 
analysis is typical. It is almost needless to say that great skill 
and care are necessary in handling inferior fuels of this kind. 

It may be said that at the present time by far the most 
impbrtant fuel for cement making is small coal, but there are 
other fuels which have been proposed and used. 

Producer gas has been used for burning lime, but not, as far 
as I know, for burning cement in fixed kilns. It has been 
repeatedly and thoroughly tried in rotatory kilns. In fact, what 
is probably the earliest form of rotatory kiln, devised by Ransome 
some forty years ago, was fed with producer gas, and the Stokes 
kiln, about ten years later, was similarly fired. In both cases 
the method was unsuccessful, the chief reason being that it is 
not easy to maintain a high uniform temperature' with producer 
gas as a fuel, unless there is appended some system of regenera- 
tion. This is simple enough with glass or steel furnaces, but 
not easy with a cement furnace, when the quantity of dust 
carried by the burning gas would seriously impede the action 
of the regenerating chambers. No doubt it is perfectly possible 
to use producer gas, but the problem was solved by the use of 
powdered coal, and there is no such advantage in the employ- 
ment of producer gas as to induce inventors and manufacturers 
to pursue the quest. 

If it were practicable to use a fuel gas of higher calorific value 
than producer gas — e, g. coal gas or natural gas— cement burning 
could be conducted under ideal conditions, but in the case of 
coal gas the cost is prohibitive, and a natural gas is a rare 
commodity now, and in places where it still occurs cannot be 
reckoned as a constant source of fuel. „ 

Oil firing has, however, been used with complete success, and 
is an admirable method when oil can in any way compete with 
coal in price. The simplest possible apparatus is necessary, 
merely a sort of blowpipe such as is used in flare lamps made 
on a large scale, the oil being injected by air or steam. But 
except in very special cases oil fuel is too dear to compete with 
powdered coal. Examples of fuel oil suitable for furnace work 
are given below. It will be seen that the percentage of sulphur 
varies and in some cases is rather high, but this is not of great 
importance, and decision as to whether a given oil can be used 
depends on its calorific value and its cost compared with thiit 
of the coal on the site of the works. 
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Fuel Oils 


Carbon . 

Hydrogen 

Sulphur 

Nitrogen 


86-82 

12-34 

0*59 

Trace 

84-66 

11-98 

2*97 

Trace 

84'57 
• 1175 

2 -So 
Trace 

89-20 

6-93 

1*05 

Trace 

Calorific Value 


i 

10,646 

10,514 

10,435 

9,181 


Carbon 

83*40 

85*87 

85*56 

Hydrogen .... 

11-29 

11*35 

11-69 

Sulphur 

4-00 

i-io 

I *01 

Nitrogen 

0*37 1 

— 

> 

Calorific Value .... 

10,181 

10,344 

10,418 


There is another mode of burning cement which may yet be 
put into practice. It is electrical heating. Naturally, it would 
only be put into use in those places where coal is very dear, 
houille blanche very cheap, and raw materials abundant an^ 
good. It may be of interest to make a comparison between 
the two methods of heating. It may fairly be assumed that 
the average quantity of coal needed is about 25 % of the weight 
of the cement made, taking the coal as having a calorific value 
of 7500 calories. 

To burn 1000 kilos of cement would therefore need 250 kilos 
of coal of this calorific value. This amount of heat corresponds 
with 2165 Board of Trade Units (kilo watt hours). Assuming 
that the heat losses are equal in the two systems, a tabular 
comparison of the cost of each may be made. 

Cost of Burning 1000 Kilos of Cement 

With 25 % of coal of 7500 calories at i6s. per 1000 kilos = 4s. 

With electrical energy at Id. per Board of Trade Unit — 45s. 

»> i. „ T\,d. „ „ „ = i8s. 

<• M „ „ (= ;f2perkilo wattyear) = los. 

Two pounds per Idlo watt year may be taken at as low a 
figure as is likely to be attained, and it is clear that even with 
this low cost burning electrically is much dearer than burning 
with coal in the ordinary way. It should be noted, however, 
that this comparison rests on the assumption that all the losses 
of heat are identical in both cases. 

This, however, will not be the case, because although the 
number of calories necessary to decompose the calcium carbonate 
will be the same whatever method of heating is used, yet the 
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heat carried away by the gases will differ. When coal is used 
the products of combustion must be heated as well as the 
carbonic anhydifide from the calcium carbonate, whereas in 
electrical heating only the latter comes into accpunt. It is 
^convenient to consider the dry process first. To produce looo 
kilos of cement 1125 kilos of calcium carbonate must be decom- 
posed, and they will yield 495 kilos of carbonic anhydride, 
which, at a temperature 300° C. above that of the atmosphere, 
represents 35,640 calories. The products of combustion of 250 
kilos of coal weigh approximately 5750 kilos, and for heating 
this to a temperature of 300° C. above that of the air 414,000 
calories are necessary. The decomposition of the calcium 
carbonate requires 478,012 calories. Therefore we have the 
consumption of heat for these three purposes thus — 

For the Production of 1000 Kilos of Portland Cement 

Calories. 

, Decomposition of 1125 kilos of calcium carbonate . /j 78, or 2 
♦Heating carbonic anhydride from calcium carbonate 

300° C. above temperature of air . . . . 35,040 

Heating products of combustion of coal 300® C. above 

temperature of air 414,000 


927,052 cals. 

So that stated in percentages the figures arc — 

Calories used. 

Decomposition of calcium carbonate , . . . 51-5 

Heating carbonic anhydride from calcium carbonate . 3*9 

Heating products of combustion of coal . . . 44*6 


100*0 


From this it appears that nearly half the total calories required 
for burning cement are used for heating .the products of com- 
bustion of the coal itself, and, taking this fact into consideration, 
the outlook for electrical heating is more favourable. It must 
be remembered that in each' case a part of the heat is lost by 
radiation and conduction. No exact computation has been 
made, but it may be taken at 10 % of the total heat. With 
this assumption, the table given above will become — 

Calories used. 


Decomposition of calcium carbonate .... 46*4 
Heating carbonic anhydride from calcium carbonate . 3*5 

Heating products of combustion of coal . . .40*1 

Loss by radiation, etc. . . . . . . io*o 
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On these data the comparison of the cost of burning by coal 
and electrical energy may be revised. 

/ 

Cost of Burning iooo Kilos of Cement 

With 25 % of coal of 7500 calories at i6s. per 1000 kilos = 4s. 

With electrical energy at Id. per Board of Trade Unit = 27s. 

„ „ „ „ „ „ „ — • los. lod. 

„ ,, (= £2 per kilo watt year) = 6s. 

Under the most favourable conditions electrical energy at its 
cheapest cannot compete with coal at i6s. a ton. But in remote 
districts coal may cost £4 a ton, and consequently the cost of 
burning will rise to 20s. per ton of cement produced. It is just 
that sort of district where abundant and cheap water power 
may be found, in which case the comparisoii of cost of burning 
may well be in favour of the electrical method. In short, each 
case must be considered on its merits, and it would be rash 
to conclude that because even when electrical energy is at its 
cheapest it can only compete with relatively dear coal, there ^ 
no possibility of its utilisation when so low a priced commodity 
as cement is concerned. 

The foregoing section on fuel is designed to show how sources 
of heat very different in themselves can be used for burning 
cement raw materials, ranging from an intangible form of heat 
to anthracite. If the question were purely scientific and had 
no sordid considerations to affect it, there is no doubt as to 
the best method of burning. It is by electrical heating, as then 
the ultimate product would be as perfect as the nature of the 
raw materials allowed, inasmuch as they would be uncontami- 
nated by ash and the temperature could be regulated to a 
nicety. Unfortunately, as has been shown above, the cost 
of electrical burning is prohibitive, save in very exceptional 
circumstances. 

The next best method is certainly heating by gas, for very 
much the same reasons. There is no contamination by ash and 
regulation of temperature is easy. Where “ natural gas,” which 
is substantially methane (CH4), is available it could be used 
with the utmost success, but both that and other combustible 
gases, such as ordinary coal gas, are too costly. The standard 
industrial gaseous fuel, producer gas, will not by itself give a 
temperature high enough to form proper clinker, and could 
only be used with the aid of regenerators. Owing to the fact 
that in burning cement some dust is hkely to be produced 
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which would 'prove most objectionable in the regenerators, the 
cost of these and of the much enlarged burning-chamber would 
be a heavy burejen if the present system of rotatory kilns is to 
be retained. It is not to be assumed that the rotatory kiln is 
the last word in cement manufacture, but it is the best at 
present in use. If the principle is to be retained the size of the 
kilns must be greatly increased, and the cost of the whole of 
the burning plant, including the regenerators, would be much 
larger than the present comparatively simple apparatus. It is 
to be regretted that at present there is no prospect of the 
practical use of producer gas for burnings cement. 

An almost ideal fuel for burning cement is oil, and, as has 
been said above, can be and has been used with great success. 
Again cost stands in the way, and at the present time, when 
the demand for oil of all kinds for many other purposes exceeds 
the supply, there is no likelihood of oil being used for cement 
burning. 

Tit comes down, then, to solid fuel. As all fixed kilns of the 
older type may be regarded as obsolescent, it is not necessary 
to say more about coke and breeze except to recall that they 
must be bought on their calorific value, and their water, ash 
and sulphur, and that the chemical composition of the ash 
must be taken into account, as it will influence the composition 
of the cement materially, the more so as each particle of the 
ash remains on the outside of the piece of clinker with which 
it is in contact, penetrating but little into the mass. The total 
average^ composition of the finished cement may be correct, but 
the clinker itself may be considerably over-limed. This question 
will be more fully discussed in a later chapter. 

Coal, then, is now the only fuel of practical importance. As 
its cost is one of the large items in the manufacture of cement, 
it behoves the manufacturer to watch his supphes strictly. At 
the best-managed works this is done as a matter of routine, 
and prices should be fixed with the same precision as is cus- 
tomary when parcels of ore are dealt in. The chief items 
naturally are the moisture, volatile matter, fixed carbon, sulphur 
and ash, and, of course, the calorific value. An ultimate analysis, 
giving carbon, hydrogen and nitrogen, should occasionally be 
made. It must be remembered that moisture is not merely a 
makeweight to be deducted from the value of the coal; it is a 
positive source of expense, as it has to be driven off before the 
coal can be ground. In like manner a coal having a given 
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calorific value and containing much hydrogen is a dearer material 
than a coal of the same calorific value containing little hydrogen, 
because the whole of the water produced from that hydrogen has 
to be raised to the temperature of the exhaust ^ases, and both 
the latent heat of water and the specific heat of steam are high. 
Such practical considerations must be kept steadily in view 
if cement manufacture is to be economically and successfully 
conducted. 

It will be seen from this summary that the question of fuel 
for burning cement is of great importance. 



CHAPTER IV 


MANUFACTURE 

The first step is the preparation of the raw materials so as 
to bring them into a suitable condition ‘for their combination 
to form the very complex chemical substance called Portland 
cement. 

In the chapter on raw material it has been shown that, though 
necessarily chemically similar, the raw materials for cement 
making may differ very widely physically. It follows that the 
methods of mingling these materials must be adapted to their 
physical character. Chalk can easily be reduced to a pulp and 
so can clay, but limestone and slate, equally suitable as raw 
materials for Portland cement, need a very different treatment. 
In the old days of least resistance, soft materials like chalk and 
clay were mixed in a wash mill with a great deal of water, and 
the product was fine enough to be burnt into cement quite good 
of its date. Then, as a monopoly of chalk and clay was im- 
possible, harder substances had to be used. Hence came grind- 
ing machinery for raw materials. Before that time grinding 
was confined to the clinker, and it was thought rather an innova- 
tion to grind even soft and wet raw materials. “ Wet stones,” 
i. e. millstones grinding slurry were, within the author’s recollec- 
tion, somewhat novel and considered of doubtful value. At 
the present moment no pains are considered too great to reduce 
the raw materials to the finest practicable condition. The 
reason is purely chemical. It is no use having a piece of chalk 
and a piece of clay a mile apart, however much either or both 
are heated. It is very little good if they are a millimetre apart. 
Supposing that they were in true molecular contact, their inter- 
action would be easy. Now such intimate contact is not attain- 
able, but the cement manufacturer has to do the best he can 
to approach it. Hence it comes about that the first step is to 
comminute the raw materials. When the time comes this 
comminution will be superseded by the easiest of all methods 
of mingling such raw materials, namely by fusion. Suppose a 
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blast-furnace manager were confronted with the problem of 
fluxing the silica in his ore with his limestone, pn the condition ^ 
that the temperature of operation should not/ exceed 1200° C., 
he would regard it with coldness suitable to that temperature. 
The problem of the cemcnt-works manager is at present pre,- 
cisely the converse. He must not go beyond the ordinary 
clinkering temperature. But this is because Portland cement, 
as now made, Contains at the most 65 % of lime, and would 
be fused and useless at a temperature much exceeding 1200° C. 
When, however, the proportion of lime is raised to yo %, a 
different state of things occurs. The cement can be fused and 
is perfect. Le Chatelier indicated that such a composition is 
theoretically sound, and Michaelis proved it experimentally ; 
the author has confirmed his work. It lollows that the best 
way of making perfect Portland cement is by fusion of the 
two main constituents, because the product will then be homo- 
geneous, To put this method into practice is not easy. The 
necessary temperature is high, not less than 1750^ C., and l^is 
cannot be easily and cheaply attained. There must be enough 
margin of temperature to allow of the cement being run out of 
the furnace as easily as blast-furnace slag. As the fused cement 
is a very basic material (containing 70 % of lime), the walls of 
the furnace must either be of basic material, such as magnesia, 
or must be cooled sufficiently to cause the molten cement to 
set and form a protective lining against itself. There are several 
ways in which the necessary temperature can be obtained. The 
most obvious is by electrical heating. It is shown in the section 
on Fuel that the cost of burning cement by electrical energy 
is prohibitive save under exceptional conditions, but it does 
not follow that electrical fusion of cement is out of the question. 
The operation would take place in two stages. The greater 
quantity of heat necessary for decomposing the calcium carbonate 
and bringing the materials to a clinkering temperature would be 
provided by fuel used in the ordinary way, and when the full 
clinkering temperature had been reached the material would 
descend into a zone provided with electrodes by which the tem- 
perature would be raised to the fusing-point of the cement and 
tapped. The fused cement would be granulated by running 
into water or by blowing steam against the molten jet, very 
much as blast-furnace slag is granulated or made into slag wool. 
By this method of comminution the cost of grinding of the raw 
materials would be saved altogether, and the cost of grinding 
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of the finished cement would be materially reduced. But an 
even greater adyantage would be the perfect homogeneity and 
soundness of the^ product. At present, even with the best and 
most modern methods of cement mixing and burning, the produce 
\s not strictly homogeneous, and the union of its acid and basic 
constituents is incomplete. The proof of this lies in the fact 
that various methods of maturing the clinker — c. g. by watering 
it as it comes from the kiln, by exposing it in heaps for consider- 
able periods and the like — are in use, while steaming and storage 
of the cement after grinding are in common use for the same 
purpose. All this w’ould be abolished if the- cement were tapped 
from a furnace in a fluid condition. 

With this object in view various inventors have worked on the 
problem. Probably the nearest approach to success has been 
achieved by Hurry & Seaman at the Atlas Cement Co.’s Works 
at Northampton, Pennsylvania. These inveiitois started on the 
principle of an ordinary blast furnace for making pig iron. In 
mSiking certain grades of pig iron the slag is intentionally kept 
high in lime and may contain between 45 % and 50 % of 
calcium oxide. When the lime content is raised and approaches 
the lower limit for Portland cement, which may be taken as 
about 60 %, the fusibility of the material decreases. It occurred 
to the inventors to raise the temperature of the furnace by work- 
ing it under pressure — say 20 lbs. per square inch. Beginning 
with an ordinary slag containing some 45 % calcium oxide, 
they gradually altered the “ burden ” of the furnace by increas- 
ing the lime content, hoping that at the increased pressure the 
Portland cement itself, containing 60 % calcium oxide or over» 
might be fused. The idea is good and ingenious, and a con- 
siderable number of experiments were made which seemed likely 
to be fruitful, but for various reasons, not directly connected 
with the idea itself, they were abandoned, and as far as I know 
have not been resumed. Certainly the notion is worthy of more 
extended trial. 

Another method has been suggested and its possibilities most 
carefully examined. It is to use a furnace of the blast-furnace 
type fed with air enriched by oxygen. As is well known, air is 
liquefied in large quantities, and the liquid nitrogen and oxygen 
are fractionated to any desired point. Both gases are industrially 
valuable, but there is a surplus of supply over demand for the 
oxygen, which, of course, is necessarily produced in a definite 
relation to the rii+rogen. It follows that a new outlet for the 
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oxygen would be welcomed by the manufacturers. The plant 
needed for making liquid oxygen in large quantities is relatively 
costly and requires a considerable amount of /power to run it, 
and although by modern methods oxygen can bo and is made 
at prices which would have been r('garded as impossibly low 
thirty years ago, yet it is still an expensive commodity compared 
with common eir. It was hoped that by working on a large scale 
and cutting down the amount of oxygen-enriched air to as low 
a point as was consistent with attaining the fusing-point of a 
cement mixture containing about 70 % calcium oxide*, which was 
provisionally assumed to be in the neighbourhood of 1750° C., 
i. c. about the fusing-point of platinum, the use of oxygen for 
fusing cement might be commercially practicable. Careful 
calculations covering every essential factor of such an under- 
taking were made, but the result was not suiricieiitly encouraging 
to warrant immediate action. A substantial cheapening of the 
cost of oxygen would alter the whole situation, and in my opinion 
the manufacture of cement by fusion in a super-blast furnlce 
will ultimately be an accomplished fact. Just prior to the war 
I had the advantage of a consultation with Dr. Linde, and he 
agreed that no obstacle existed except the cost of the oxygen 
made by his process, and this was within sight of practicability. 

Reviewing what has been stated above, it may be said that 
at the present date no cement is made at any other thail a 
“ clinkering temperature.” The term is employed because there 
is no more precise definition. Evidently it will vary with the 
nature of the mixture of raw materials, which must be brought 
to a temperature at which the product is plastic so that interaction 
may occur short of fusion, which, with the present limitation 
of lime content, would produce something little better than a 
slag. 

Taking, then, the Portland -cement industry as it is and not 
as it may be in the future, the steps in its manufacture are 
described below. 

The nature and composition of the various raw materials 
commonly used for making Portland cement have already been 
described in a preceding section. As previously mentioned, the 
industry began with chalk and clay as the raw materials. The 
chalk was obtained by quarrying, and being soft, hand labour 
was universally employed. The material is hewed down and 
conveyed away by small trolleys to the wash mill. The clay, 
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taken from an estuary like that of the Medway, is dug or 
grabbed out, put into barges and conveyed to the works, which 
are naturally sitiWted at the chalk quarry, the chalk being much 
the larger part of the raw material needed. 

' There is, of course, a continual tendency to decrease hand 
labour as much as possible and to use steam navvies and to 
haul by power, but the nature of the material renders working 
so easy that, provided a quarry is well laid out, the cost of getting 
is very moderate. It will be understood that the life of a chalk 
quarry is limited by the height of the water h^vel in the chalk, 
and that when this is reached quarrying in the ordinary manner 
is automatically stopped, although there may be an ample 
supply of chalk below water level. As this may mean failing to 
win a considerable quantity of valuable material and being forced 
to go further afield to feed the works, efforts have been made 
to work below the normal water level. A very notable case 
occurred a few years ago. A quarry had been worked down to 
water level, and there was an excellent demand for more chalk 
from that site. It was therefore decided to go deeper and to 
keep the water down by pumping. The necessary pumps were 
installed and the work proceeded with. There appeared to be 
little difficulty in keeping the in-coming water under control, 
but the pumps began to show signs of corrosion and the chalk 
of discoloration. The injury to the pumps was serious enough, 
but the discoloration of the chalk was of far greater moment, 
as a large part of the output was used for making whiting. The 
cause was discovered without much difficulty. Next to the 
chalk quarry was a sulphite pulp works, from which a large 
quantity of spent sulphite liquor found its way into the quarry. 
This sulphite liquor made an excellent pabulum for heggiotoa 
alba, which has the faculty of thriving in liquids rich in sulphur, 
and reducing the sulphur compounds to organic sulphides and to 
sulphur itself. These acted on the traces of oxide of iron in 
the chalk and converted them into ferrous sulphide, which is 
black. Hence the discoloration of the chalk. Having done this 
mischief, the sulphite liquor passed on, became partly oxidised 
on its way, and attacked the metal of the pumps. Costly litiga- 
tion ensued, with the usual disastrous results to both parties. 
Thus by a purely fortuitous circumstance an idea excellent in 
itself and tried on a large scale and in a practical way failed to 
obtain success. This is the more to be regetted as, had the 
notion proved successful in this instance, it might well have 
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been applied in similar instances where there was no reason to 
fear contamination of the chalk or corrosion of the pumping 
machinery. / 

In the earlier stages of the cement industry' in this country 
the mixture of chalk and clay prepared in the wash mill of the 
period ^ was made with a large quantity of water so that it' 
might flow. The very thin slurry, containing perhaps 75 % of 
water (that is, three times the weight of the raw materials), was 
run to any required point without difficulty, but as this large 
amount of water had to be evaporated before the slurry was 
burnt the cost of f.uel was excessive. Accordingly the fluid 
material was run into large reservoirs, called " backs,'' and 
there allowed to subside, the water being drawn off from time 
to time, and the sludge (which still contai..jd much water) dug 
out and carried to the kilns. It occurred to some of the thinking 
manufacturers of that date (about thirty years ago) that there 
was a risk of segregation, as it was recognised that, although the 
specific gravity of the two materials did not differ much, yet 
their rate of settlement might differ materially. A direct test 
was made which came, into the author’s purview. A column 
was cut from the semi-solid material in the “ backs" and the 
top and bottom parts analysed. It was found that there was 
no appreciable difference in the composition of the top and 
bottom of the column, and it was concluded that the slurry 
could be used with safety after months of deposition. This 
excellent test of the capabilities of the old process is a fairly 
good instance of what can be done by men trained in a rule-of- 
thumb school, but having natural sagacity, if only they will 
avail themselves of current knowledge. 

The next step in the old wet process was to grind the chalk 
and clay as the mixture' issued from the wash mill, between 
ordinary millstones. The product was still sufficiently fluid to 
be pumped and was distributed on drying floors, from which 
it was removed by hand labour when it had been thoroughly 
dried. The heat necessary was provided in the early stages 
of the industries extraneously, and a great advance was made 
when the waste heat of the cement kilns was employed for 
drying the slurry. This was done in the type of kiln shown 

1 The early wash mills were a somewhat cruder form of the modem 
wash mill, a description of which is given below. It is sufficient to say 
here that the wash mill is a machine for mixing soft raw materials with 
water to a slip or slurry in such a way as to leave the coarser particles 
behind and produce a material fluid enough to be pumped. 
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in the figure (Fig. 4). By permission of the Institution of Civil 
Engineers, before which body a paper by my late partner, Mr. 
W. Harry Staiyger, and myself was read in February 1901, I 
reproduce this and similar records. It will be seen that the 
gases from the kiln pass through a flue in which the slurry is 
spread. The whole affair is rather primitive, as the slurry is 
immobile and the mode of drying is not systematic. In the 
paper referred to above the following statcmefit is made — 

" The kiln is a brickwork structure about sixteen feet in 
diameter and eighteen feet in height, having a grate at the 



CHAMBER KILN 

Fig. 4. 

bottom and opening into a long, wide, ho^zontal flue, in which 
is run the slurry to be dried by the waste gases. The fuel used 
is coke, which is loaded into the kiln interspersed with the dried 
slurry; the quantity required is 40 % to 50 %, reckoned on the 
weight of clinker produced. Coke is not only a relatively costly 
fuel, but it is liable to sudden and artificial fluctuations of price, 
a tendency highly inconvenient to the cement-maker. The 
labour needed for loading and drawing the kilns is very heavy, 
and the clinker produced is far from uniform, often containing 
much under-burnt material, which needs to be picked out before , 
the clinker is ground. A kiln of this class of average size will 
need five days to six days for a complete trip, and will not 
produce more than about 35 tons of clinker per week.” 
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This is perhaps the best attempt which has been made to 
convert a rough method of burning into something having a 
scientific basis using wet raw materials, and iumust always be 
remembered that the whole basis of the huge Portland-ccment 
industry is purely English, and rests on the rudimentary/ 
knowledge of the time of Aspdin. 

This method of drying and burning has long been superseded 
for wet raw materials, but when dry raw materials were con- 
cerned there was some reason to think that the fixed kiln might 
hold its own. Appended is an excerpt taken from the paper 
cited above. 

“ When dry materials — c. shale and limestone — are used, 
some form of continuous kiln is generally employed. The 
materials are finely ground, intimately mixed and damped suffi- 
ciently to enable them to be moulded into rough bricks. These 
are burnt in ring- or shaft-kilns. The ring-kiln of the Hoffmann 
type is largely used in this country in the manufacture of briclss, 
but is rarely employed for cement. It is economical of fuel, 
needing only about 15 % to 20 % on the weight of the clinker 
produced, but requires a large amount of fairly skilled labour 
in stacking the bricks of cement material into the chambers of 
the kiln, and in regulating the firing by feeding fuel into the 
spaces left between the stacked bricks ; it has also to be unloaded 
by hand. The necessity of regular stacking of the material to 
be burnt makes the Hoffmann kiln less suitable for treating 
material such as cement, which becomes deformed when hot, 
than for burning building-bricks and the like, which retain the 
regularity of their shape. 

“ The Dictsch kiln is a typical shaft-kiln, and is largely and 
successfully used for burning cement. 

“ As shown in Fig. 5, it is a continuous kiln, having a feeding- 
door at the base of the stack, a burning-chamber and a cooling- 
chamber through which the material to be burned successively 
passes. It is economical of fuel, using 15 % to 20 % of the weight 
of the clinker produced, but is costly in labour. 

“ Both the Hoffmann and the Dictsch kilns can be used for 
wet raw materials, but they require supplementary drying 
arrangements by which the slurry may be dried sufficiently to 
allow of its being moulded into bricks. The amount of fuel 
necessary for ‘ drying is usually somewhat greater than that 
needed for burning, so that the total amount of fuel required— 
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viz. 35 % to 40 % on the clinker — is not much smaller than that 
needed for cha^bcr-kilns, but a cheaper kind of fuel can be 
used, namely srftall coal. 

“ The principle of continuous working is so attractive, on account 
'Of its economy in fuel and its increase of output per kiln, that it 
has been embodied in various other forms of kiln. These are in 
general vertical cylindrical shafts not unlike a running lime-kiln, 
but usually with a flue or chimney at the upper end and loading- 
doors at the base of this flue. The clinker is drawn at the bottom, 
where there is usually some kind of removable grate. In one 



kiln of this class a blast of air is blown in at the base of the 
kiln. The charge is regulated so that the mixture of coke and 
cement material is in full ignition at a point about one-third of 
the way down the kiln, its products serving to heat the raw 
material in the upper part, and the hot clinker in the lower part 
yielding its heat to the incoming air. Kilns of this class are 
economical of fuel, but as a rule require the use of coke instead 
of small coal, and need a good deal of skill in loading. The hot 
plastic clinker is liable to stick to the walls of the kiln, causing 
the charge to hang; this not only hinders the proper working 
of the kiln, but also acts on the lining and hastens its destruc- 
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tion. Unless skilfully worked these kilns are apt to 5deld a good 
deal of under-burnt clinker which has to be picked out. 

“ The quantity of clinker produced by these different classes 
of fixed kiln varies considerably with local circumstances, but 
may be stated in round figures as follows : Chamber-kiln, 35 ^ 
tons per week ; Dictsch kiln, 70 tons per week ; vSehneider kiln,^ 
70 tons per week; Hoffmann kiln, 28 tons per week for each 
chamber.*'* With all these varieties of fixed kiln the amount of 
labour needed for handling the raw material and clinker is 
large, whether the kiln be continuous or discontinuous. More- 
over, kilns of the continuous class, when wet raw materials arc 
used, require an elaborate diying-plant to prepare the raw 
material before it is fed into the kiln to be >)nrnt. In whatever 
class of fixed kiln it is produced the clinker is irregular in quality, 
containing a good deal of imperfectly burnt material; unless 
this is picked out most carefully, sufficient under-burnt material 
remains to impair the quality of the finished cement in a serious 
degree. Finally, the finished cement needs to be matured by 
storage before it can be used with safety for important work.'’ 

After some nineteen years there is little to add to or retract 
from what was then written. 

There has been a steady decrease in the number and import- 
ance of fixed kilns, whether for the treatment of raw materials 
wet or dry. The writer well remembers a visit to Aalborg in 
the north of Denmark, where the raw materials are chalk and 
clay, which latter is rather silly. At the time of that visit the 
idea of a fixed kiln was so predominant that only tentatively 
was the rotatory kiln being introduced, and this is Iqss than 
twenty years ago. To put it shortly, the fixed kiln is dead. 

For all that, its history is interesting, and therefore has been 
included in this book. From the time when it was found in 
this country by “ a crew of patches, base mechanicals” — that is 
to say, the folks who knew and were not afraid to make blunder- 
ing trials — that chalk and clay would make cement by being 
burnt together, there has been a continuous advance. 

Modem manufacture is much the same all the world over, 

1 This is a kiln of the continuous cylindrical shaft type last mentioned. 

“ A ring-kiln of fourteen chambers each, having a capacity of 40 tons, 
will give 560 tons of clinker for a complete round trip, which will take 
about ten days. This represents an output of 56 tons per day, or 392 
tons per week for the whole kiln, j. e. 28 tons per week for each diamber. 
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such differences as exist arising from the different nature of th 
raw materials employed and the variation of local conditions. 

Fig. 6 shows diagrammatically the methods employed t( 
prepare the various raw materials for burning. It will be moo 
" convenient to consider the different methods as a whole, pointin| 
out those operations which differ materially and those which an 
identical. 


Preparation of Raw Material 

It will be assumed that the raw materials arc chalk and cla> 
or marl w'hich can be washed to a slurry. It is true that dry rav 
materials, such as limestone and slate, are ^roimd with wate 
to a fluid consistency, but for simplicity it is best to deal hen 
solely with the former class, it being understood that what i: 
said of them holds also with regard to raw materials naturally 
hard and dry but intentionally reduced to such a state tha 
they can be handled as a fluid material, and that once tha 
condition has been obtained their original state as found ii 
nature is not of material importance. 

Taking the chalk and clay as typical wet raw materials, th( 
first step in manufacture, as briefly mentioned above (footnote 
on p. 55), is to mix them in a wash mill. The proportions mus 
be such as to give a cement containing 62 % to 63 % of lime 
and with ordinary chalk and clay this corresponds approxi 
mately with a content of about 75 % of calcium carbonate 
(CaCOg) in the mixed raw materials when dried. These figure: 
naturally vary somewhat according to the percentages of sub 
stances other than actual CaCOg in the chalk, with the com 
position of the clay and with the ash of the fuel, and are matter: 
for control by the works chemist. Of greater importance is th( 
percentage of water in both raw materials, which may varj 
considerably. But as a rule fluctuations in masses of plasti( 
material such as chalk and clay, nearly or quite saturated witl 
water, do not take place rapidly, and it is usually sufficient t( 
assume an average content. Using this as a basis, the prope] 
quantities of chalk and clay arc weighed into the wash mil 
and then mixed, final adjustment being made in a correction oi 
dosage tank. 

By the kindness of Messrs. Smidth of Copenhagen and Loiidoi 
I am able to give the latest form of wash mill in plan and section 
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Figs, 7 and 8, which, though identical in principle with the 
earlier forms, shows considerable development in design and 
efficiency. 



Fig. 7. — Modern Wash Mill (plan). 


It will be seen from these that a wash mill is a large cylindrical 
tank usually made of concrete, with a vertical shaft carried on 
a concrete pillar which fills the middle of the tank and leaves 
an annular space between itself and the walls of the tank. The 
shaft carries horizontal arms from which harrows are slung by 
means of chains, as shown in the section. The teeth of the 
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harrow are attached to the horizontal bars, which in turn depend 
from the chains above mentioned. This arrangement allows the 
harrow slung as it is to hang loose so that its teeth (the vertical 
bars) strike any solid mass in the tank with a flail-like blow, 
yielding and passing on if the lump is not immediately smashed. 
The central shaft revolves with considerable velocity, and the 
loose hanging bars speedily break up the masses of chalk and 
clay as they arc fed in. Stones and flint are gradually deposited, 
as well as a good deal of the sand; a further quantity of the 
latter is caught by screens at the outlets of the wash mill ; both 
stones and sand are^ of course, removed from the wash mill 



from time to time. The result is that a slurry or shp fairly 
uniform and fine is obtained. 

As mentioned above, the proportions of chalk and clay are 
finally adjusted in a dosage tank, samples being drawn and 
analysed and the requisite addition made of the one material 
or the other. 

A dosage tank is merely an agitator with a vertical spindle 
carrying a horizontal framework to which are attached vertical 
bars or paddles so as to stir the mixture thoroughly and con- 
tinuously. The whole arrangement is not unlike a wash mill, 
but as its main function is not to break up lumps of raw material 
but to form a uniform mixture of known composition, the vertical 
bars are attached rigidly to the framework instead of swinging 
loose as in the wash miU itself. 
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The finely-ground slurry of correct composition is now conveyed 
to the bulk mixing or storage tank. These tanks vary in design, 
but the illustration shown in Fig. 9 may be taken as typical. 
It consists of a' tank built of concrete or brick provided with 
stirrers to prevent any settlement taking place. 

Another maker's system of handling wet raw materials is 
shown in Fig. 10, which is almost self:explanatory. The wash 
mill is of the usual type and the slurry is pumped into a separator 
marked “ Trix,” which is a sieving machine on a centrifugal 
principle, from which the coarser particles are returned to the 
wash mill. The bulk of the slurry passes into a tube mill and 
then into a tank where any necessary correction of composition 



Fig. 10. 


is made. Thence it passes to a large storage tank provided with 
agitators, and out of this it is pumped to the kilns. 

When the raw materials are hard but are to be delivered 
as a slurry to the kilns, the plant shown in Fig. ii is suitable. 
The raw . materials are crushed, elevate|J to hoppers and fed 
into a form of ball mill without screens. Water is added here 
and the raw materials are ground wet. They then pass 
through a “ Trix " separator such as that used for soft raw 
materials, and the coarser particles returned to the kominor. 
The fine part of what is now in effect slurry passes to the tube 
mill, thence to a correction tank and to a large storage tank, 
precisely as in the case of the wet raw materials. From this it 
is pumped to the kiln. In short, save for the crushing and wet 
preliminary grinding in the kominor, the process is the same as 
that used for raw materials naturally wet. The whole arrange- 
ment is shown diagrammatically in the sketch. 

In ordinary practice the large capacity of the slurry tanks and 









MANitFACTVim 65 

tube mills, together with the final storage tanks, is sufficient 
safeguai^i for proper admixture, but in some case-^ additional 
precautions may be desirable. This emphasises the absolute 
necessity of thorough admixture of raw materials before they 
enter the kiln, and it is not too much to say that unless this ia 
accomplished the manufacture of perfect cement which will 
need no quenching, storage or aeration is impossible. This is 
one of the most cogent arguments in favour of the blast-furnace 
method of burning which has already been touched on, as then 
the mixture by fusion is complete. 

The slurry thus prepared and of proper composition contains 
about 38 % to 40 % of water, according to the nature of the 



In Cake. Crushing. Sepambna 

^ Grinding ^ Gnnding^^^^^^^'^9 Agitating. 

Fig. it. 

raw materials. If the clay is silty the. proportion of water will 
be smaller, and there arc also clays of a peculiarly tenacious 
character which require considerably larger quantities of water 
to reduce them to a pulp which will flow. The whole question 
must be decided experimentally in each case, it being borne in 
mind thac, provided the slurry can be dealt with as a fluid 
mixture without clogging channels or pumps, the less water the 
better. 

It was early recognised that in spite of all care in mixing in 
the wash mill and in the separation of the coarser particles therein, 
the slurry as it left the wash mill was relatively coarse. Indeed, 
formerly it contained pieces of chalk as large as peas, easily 
discernible when the slurry was dried on the drying floors of 
the old fixed kilns. It can readily be understood that the presence 

of such pieces, and even those which were much smaller, would 

» • 
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have a most injurious influence on the quality of the cement, 
especially in respect of soundness, and it is not too much to 
say that the suspicion with which many engineers regarded Port- 
land cement, even as recently as thirty years ago, was based on 
want of soundness arising from this cause among others. In 
consequence an attempt was made to meet the difficulty by wet 
grinding. It must be remembered that at that date the standard 
method of grinding in the cement trade was by ordinary mill- 
stones, and that these had been employed from the beginning 
of the industry to grind the clinker ; it was therefore an easy 
step to run the slurry through similar pairs of stones, and the 
step was undoubtedly a great improvement. It may properly 
be asked how it was possible to make even tolerably sound 
cement before wet grinding was introduced. The answer is 
simple. In the old type of fixed kiln the coarsely ground raw 
material remained at the clinkering temperature for several 
days, and an approach to full combination of tlie acid and basic 
constituents of the raw materials was made by their interaction 
whilst semi-plastic for such a period; exposure for about an 
hour, as in modern practice, would not suffice to deal with pieces 
so coarse, and in consequence the modem cement-maker aims 
at preparing a slurry giving a residue not greater than 3 % to 
4 % on 180 X t8o mesh sieve, and practically no residue on 
76 X 76 mesh sieve. 

When the grinding of clinker in ball and tube mills (q. v.) became 
an established practice, similar machinery was adopted for wet 
grinding. A ball and tube mill plant varies but little in principle, 
though in detail it differs according to the design of the various 
makers of cement plant. A ball mill (known under various 
names) consists of a fairly short dimm lined with hard steel 
plates and containing a number of hard steel balls of different 
sizes. It is rotated on a horizontal axis, and as it rotates the 
raw materials mixed with the steel balls travel up the side of 
the drum and continuously fall back, the raw materials being 
pulverised by the joint pounding and rubbing action of the 
balls. It is usually fed at the centre and discharges at the peri- 
phery through holes in the steel plates and screens' exterior to 
the plates, though in some types both feed and discharge may 
t^ke place centrally. 

The tube mill is much longer than a ball mill and is lined with 
steel plates or siliceous blocks or bricks. The grinding is effected 
by steel balls or flint pebbles, which act much in the same way 
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as those of a ball mill. The material to be ground is fed in at the 
axis of the mill through a trunnion, travels the length of the 
mill and is discharged through a trunnion ^t the other end. 
F'oIJowing these general statements is a description in some 
detail of the various machines used for reducing cement materials 
to a sufficiently fine powder. 

In the case of wet raw materials there is no preliminary treat- 
ment at the quarry, but with dry raw materials some form of 
crusher or stone breaker must be employed, and it is usually 
convenient to run this at the quarry. This applies to both 
limestone and shale, as transport by whatever means is easier 
when the material is of relatively small size, and because the 
two substances have ultimat(‘ly to be mixed intimately, and as 
power is certainly available at the works, the final grinding can 
be carried out there. 

Getting the limestone and shale often involves blasting, but 
this is an ordinary quarrying operation and need not be dealt 
with here. Wiat is of more importance is the need to quarry 
in such a way that the layers of intercalated matter and sand 
and similar material are avoided as far as possible, and that 
the clean shale and limestone are obtained. vSomc hand picking 
is generally necessary, and strict control of the material delivered 
to the works is absolutely essential. In the case of the shale 
too much dependence must not be put on local opinion, which 
is apt to be misled by diftcrence of colour due to the slow weather- 
ing of the shale and the oxidation of the iron which it contains. 
It may well be that layers of shale, one blue and one brown, have 
substantially the same composition. What is more important 
is the amount of moisture in the shale. To sum up, first there 
is the question of transport : this, though imi)ortant, is not 
pre-eminent ; next is the question of handling, which is of great 
moment ; and, finally, in a works using shale and limestone by the 
dry process, is the very important question of thorough drying. 

Although the plant used in cement manufacture can all be 
referred to a comparatively few types and described in general 
terms, yet it has been thought well to give examples of various 
machines, drawings of which have been i)rovidcd by well-known 
makers. 


Crushing and Grinding 

For hard, dry raw materials crushers are naturally necessary. 
It must be understood that the fineness of crushing is largely 
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dependent on the grinding paiit which is i^sed, the 

function of the crusher being only preparatory. There are 
several types of these, which are described and illustrated below. 
The commonest are the Gates crusher and the Blake crusher. 
The Gates is a rotating crusher of the coffee-mill type. 

One example of this type of mill is shown in Fig. 12, viz. the 
Heclon crusher made by Hadfield. The material is fed through 
a hopper and falls between the toothed faces of the cones 7 and 
27, where it is crushed by the revolution of the inner cone No. 7, 
and falls down the shoot No. 29. The crushing effect is increased 
by a gyratory motion imparted by the cone by the special gearing 
at the base. The names of the individual parts arc here given 
and this will enable the improvements in this crusher to be seen. 


No. 

1. Bottom Shell. 

2. Bottom Plate. 

3. Concave Casing. 

4. Hopper and Spider. 

5.,' Mam Shaft. 

6. Cast Steel Centre. 

7. “ Era ” Manganese Steel Mantle. 

8. Central Shaft. 

9. Ring Nut. 

10. Upper Ball Socket. 

11. Upper Ball. 

12. Eye Bolt. 

13. Locking Screws. 

14. Ring Nut Locking Pm. 

15. Dust Ring. 

16. Lower Dust Collar. 

17. Dust Collar Carrier. 

18. Bevel Wheel and Eccentric. 

19. Inner Bush. 


No. 

20. Outer Bush. 

21. Lower Ball. 

22. Lower Ball Socket and Screw. 

23. I^ck Nut. 

24. Spider Bush. 

25. Spider Cap. 

26. Spider-arm Shields. 

27. Lower Concaves. 

28. Upper Concaves. 

29. Shoot Lining Plates. 

30. Main Shalt Wearing Ring. 

31. Bevel Pinion. 

32. Countershaft. 

33. Countershaft Rearing Cap. 

34. Countershaft Bearing. 

35. Belt Pulley. 

36 and 37. Countershaft Wearing 
Rings. 

38. Washer for Adjusting Screw. 


Blake crusher , — ^The simplest form of crusher is the jaw 
crusher, shown in Fig. 13. It consists, of a pair of jaws, faced 
with hard steel plates. One jaw is fixed, and the other movable. 
A cam shaft is connected with the movable jaw, by means of 
toggle plates, and causes it to approach to, or recede from, the 
stationary jaw. 

Another example is the roller crusher, shown in Fig. 14. It 
consists of toothed rollers working against each other, the 
material being fed in by a hopper between the two rolls. In 
order to prevent the breakage of the teeth a strong spring is 
provided to allow of the rolls parting, should a large lump of 
unusually hard material find its way into the feed. 

Another form of crusher is the Hecla Disc crusher. Fig. 15 
^ows it in section. 
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The two discs « arid b are held in place by two shafts, one of 
which is^ hollcfw and contains the other. The large ball-and- 
socket connection of the shafts allows their axes to be set at an 
angle to each other. 

Tlie outer disc a is held in a cap firmly fastened to the bell- 
shaped end of the hollow shaft c, and is driven by the belt-wheel 
d. The inner disc 6 , supported by the half ball and solid shaft, 
inclines to rotate with the disc a, though not positively driven 
when the machine is running empty. When, however, stone is 
introduced between the discs, they both rotate together in the 
same direction, at the same speed, affording the crushing action 
peculiar to this type of crusher. 



Fig. 14. — Roller Crusher. 


This crushing action is quite independent of the eccentric e, 
and would be carried on if the latter remained at rest. This 
eccentric comprises the hub of the pulley /, which is driven in 
a direction opposite to that of the pulley d. The function of the 
eccentric is to increase the rapidity of the crushing action, by the 
more frequent closing of the discs. In other words, the outer 
end of the solid lever shaft is carried around in one direction by 
the eccentric e, while both shafts are rotating together in the 
other direction. 

The two shafts and discs attached rotate at the proper speed 
to force the feed and fling out the product, while the rapidity 
of .the crushing movement is increased by the eccentric to afford 
great capacity. 
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question of grinding is of the highest importance in 
cement manufacture, both from the aspect of economy of power 
and from the view of the quality of the cement. It is therefore 
desirable to give a few details both of the machines and of their 
proper use. I have to acknowledge the use of photographs 
(Figs. i6 and 17) of a kominor by Messrs. Smidth which show 
both the feeding arrangements, the disposition of the balls 
and the mode of discharge. The following is Messrs. Smidth’ s 



Fig. 16. — Kominor. 


description of the functions of the machine, which is not only 
worth reading on that account, but because it enunciates some 
general principles in a clear manner. 

“ Starting from the view that economical grinding is merely 
making surface at the least expenditure of power and upkeep, 
we have found it of the utmost importance to always distinguish 
between crushing, granulating and pulverising. In the crushing 
process you are dealing with material of comparatively small 
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surface. Material entering stone crushers or stone brdafeers 
may be of any size. The material entering preliminary grinders 
or granulators should be ground down to one in(jh to three inch 
diameter ; leaving the preliminary grinders it should be ground 
fine enough to pass a No. 20 mesh sieve. 

Finally, the material for the fine grinders should be pre- 
liminarily ground to pass a No. 20 sieve and leave the fine 
grinders to grind down to the desired fineness. 



Fig. 17. — Kominor. 


“ The surface of the particles leaving the preliminary grinders 
is many thousand times larger than the surface leaving the 
crushers, and the surface of the particles leaving the fine grinders 
is again many thousand limes larger than the surface of the 
material leaving the preliminary grinders. 

“ The machinery to be arranged for the three different opera- 
tions must be of different construction to treat economically the 
different materials supplied. As, further, the * grindibihty ’ of 
two stones of the same chemical composition varies as much 
as 100 %, we have found it very desirable to be able to build 
up our mills from various units. 
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“ An important difference between the ordinary ball 
and the kominor is that the kominor has no perforations in 
the lining in the track of the grinding balls. In the ball mill 
the grinding material is discharged through the perforations 
in the grinding plates, and such perforations being subjected to 
the pecning action of the balls are accordingly closed and the 
output is progressively decreased. 

“ The fastax screens are a great advantage compared with 
the old conical screens, as they permit of easy and quick inspec- 
tion of the screens and the bolts holding the grinding plates 
in position. When necessary to repair the screens any of the 
screens may be easily removed, and by having spares at hand 
substitution may be quickly made, reducing the time for changing 
the screens to a few minutes. 

“ Both the kominors and the fastax screens arc made to our 
patented designs.’* 

* It cannot be stated too clearly that on the proper comminution 
of cement raw materials the quality of the finished cement 
depends in so large a degree that all methods to secure this 
end are worth attention, and have received it to a point when 
something approaching perfection has been attained. 

A typical ball mill by Allen of Sheffield is shown in Fig. 18, 
It will be seen that the ball mill is a drum lined with perforated 
metal plates, which are stepped as shown. Outside this is a 
screen, and the coarser parts drop back into the mill. 

A good illustration showing the general appearance, as distinct 
from structural details, of a tube mill is given below, Fig. 19. 

Fig. 20 shows a tube mill for dry grinding. The feed is through 
a trunnion a giving into the tube h, which is lined with hard 
steel plates c. It also shows an arrangement marked d for 
the discharge of the material. This consists of vanes e, which 
lift the ground material and discharge it through the cone / 
into the discharge trunnion g. In this particular mill the pro- 
duct is passed through the screen the fine particles being 
delivered at i and the coarse at /, to be returned and re-ground. 

It will be understood that the grinding arrangements for dry 
raw materials and for clinker are very similar, and in many 
works the one is almost a duplicate of the other. The following 
description of a compound ball and tube mill (Fig. 21) may be 
taken as applying to both. 

The dry raw material, or the clinker, is fed in at A through 
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a tube provided with a percussion arrangement B to avoid 
holding up and to make the feed regular. It passes through a 
trunnion into the first chamber of the mill marked C, which is 
charged with steel balls, and lined with steel plates : the material 
passes tl^ough a diaphragm plate D with taper slots into the 
finishing chamber E, which is lined with silex blocks and loaded 
with flint pebbles. 



An improved form of compound mill is shown, with section, in 
Fig. 22. In this type of mill the screen is placed in such a 
position as to be readily accessible. 

% When dry raw materials are used the modes of feeding are, of 
course, of different kinds. One of them, the table feed, is shown 
p Fig. 23. The material is fed in at a on to the revolving 
table 6. The feed is regulated by a sliding collar c at the 
bottom of the discharge, and the material is carried over by a 
scraper into the mill trunnion. The method of driving is shown 
in the lower part of the figure. 

^ Various forms of feed for wet tube mills are shown in the 
following figures — 
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Fig. 24 shows a squirt feeder, the slurry oemg injected through 
the pi^ A. The casing B with pipe C is .or the purpose of 
catching any backward dribble from the feed. 



Fig. 25. 


Fig. 25 shows a spiral feed and is given both in plan and section. 
Fig. 26 shows an elbow feed and is fitted with a gland and 
stuffing-box. The feed hopper is also shown in the drawing. 



below. 

Fig. 27 shows the Bradley three-roll mill, Fig. 28 giving it in 
section. 

The principle of grinding is that of a number of rolls revolving 
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in and against the inner surface of an annular ring, agdn^? 
which the grinding is done by centrifugal action of the rolls. 

The feed is arranged to deliver the material on to the grinding 
ring directly in front of the advancing rolls, the fine material 
being carried through the screen, the mesh of which regulates 
the fineness of the output. 

The improved Giant Griffin mill is shown in Fig. 29, a sectional 
view being given in Fig. 30. 

The grinding principle of this mill is so well known that it 
needs no elaborate description. It consists of a chilled iron roll 
revolving against a steel die ring, the roll, being securely fastened 
to the shaft, creating a peculiar grinding action which is very 
effective. 

The material, crushed to three-quarters of an inch mesh, is fed 
in by the hopper, and the ground material passes through the 
screen, the mesh of which regulates the fineness of the product. 

, The Sturtevant “ King-rolF’ mill is shown in Figs. 31 and 32. 

Grinding is effected between a ring rotating in a vcalical plane 
and three rolls which are pressed against tlu^ ring by powerful 
springs. An advantage claimed is that the wearing surfaces 
are not in contact with each other but only with the material 
to be ground, as that forms a layer between the two, and is 
held on the outer grinding ring by centrifugal force. 

The Fuller Lehigh mill, of the fan discharge type, is shown in 
Figs. 33 and 34. 

There are four steel balls which bear against a grinding ring, 

' viliich naturally is concave. There is a “ pusher” for each ball 
propelling it on its path. The grinding is in principle centri« 
fugal, as in other mills of similar type. Thii ground material 
IS drawn out by a fan a and thrown' through a screen b. The 
particles fine enough to pass the screen are delivered to a casing 
c and thence to a shoot d. 

It may be here remarked that in mills of this class there are 
both merits and defects, closely related to the mode of working. 
If the mill is run slowly the fan will pick up only the finest 
particles (“flour”), and the product will be good. If, on the 
other hand, the speed is too high larger particles will be picked 
up, and will pass the screens if they arc just small enough to go 
through. This will give a gritty product instead of the floury 
one desired. The wish to obtain a large output per mill is an 
incentive to the latter procedure, and may lead to poor results. 

Other mills of this description have been devised and put in , 
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use, but at the present time are not in general demand, the 
reason being, probably, that selective action of any sort in 
grinding, though economical, is not necessarily the best mode 
of comminution. It is the product which is in question, and a 
machine like a tube mill having a large capacity and perhaps 
re-grinding, unnecessarily, material already sufficiently ground, 
may in the long run prove to be the best. 

It must be fully understood that it is impossible to lay down 
any general principle concerning the sort of grinding plant to 
be preferred. The preference d(‘pends on the materials to be 
ground, and each case must be considered strictly on its merits. 
Unless this is done a plant which may be of great merit for 
certain raw materials may be wrongly condemned when used 
for others for which it is unsuitable. The best manufacturers 
of grinding machinery, though naturally biased by the belief 
in the general applicability of thdr plant, will acknowledge its 
limitations. Broadly speaking, any claim that any one typq 
of plant is universally the best must be eyed with a wax mess 
approaching suspicion. 


Dust Collecting 

The grinding of any dry substance, whether it be raw materials, 
coal or clinker, necessarily produces a good deal of dust. The 
dusty condition of cement works in former days was notorious 
and led to the j'lrodigal consumption of beer, especially in the 
old-fashioned mill rooms and packing houses. The modern 
cement woi'ks is as free from dust as a modern flour mill. All 
grinding machinery is boxed and the dust delivered into flues 
provided with baffl(‘ ])latcs, or into stieve rooms or some equiva- 
lent device, in which the di^t is caught and returned to the 
process. Recently, as the recovery of potash from the flue dust 
from kilns has become important, various processes, relatively 
new, are in use. One consists in passing the flue gases, after 
cooling, thi'ough a scries of filter bags, which arc mechanically 
shaken and the dust collected below them. Another depends 
on the principle that dust can be caused to conglomerate — 
coagulated, as it were— by the passage of high-tension electricity. 

The subject of dust collecting has become so specialised tliat 
a description in detail of the various processes and the discussion 
of their merits cannot be attempted in a book of this size. 

As regards the collection of the dust from the dry-ground 
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materials themselves, the difficulty due to the high ^mperature 
of the flue gases from the kilns does not arise, and the apparatus 
shown in the accompanying figure (Pig. 35) is suitable. 

The maker’s description is as follows — 

The dust-laden air is drawn by a fan into the opening in the 
hopper at the base, and up into the finely woven canvas tubes 
or bags, the air passing through the canvas while the dust remains 
inside. The dust-free air passes out through the duct at the 
top and then through the fan. 

At frequent intervals and in rotation, each section of bags is 
automatically cut out by closing the outlet valve of that section, 
thus preventing the dust-laden air passing into the closed section. 
At the same time that section is opened to the atmosphere at the 
top, causing a reverse current of air downwards. The bags 
are then automatically shaken a number of times, as found 
necessary, and the dust which adlieres to or lodges in the canvas 
.bags drops or is blown into the hoi)pcr below. 


Drying 

When “ dry ” raw materials are used, drying is desirable and 
often necessary. All natural rocks, such as limestone and shale, 
contain moisture which is not apparent in the mass, but becomes 
of great practical importance when the material is ground, as 
the finely divided material containing, it may be, only a small 
percentage of moisture clogs the mills and particularly clogs 
the screens. Hence some fonn of drier must be used. A good 
example is the Ruggles-Coles drier, shown in Fig. 36. 

This consists of an inclined revolving double cylinder through 
which the material passes in the space between the two cylinders. 
The gases pass through the ceiltral space and are returned 
through the annular space between the cylinders and thence 
to the flue; the gases are drawn out by a fan. As is usual in 
driers the material does not go through uninterruptedly, but 
is lifted and allowed to drop by blades in the annular space. 
Heating is provided by a small furnace fed with coal or coke. 
At sight it would appear that the waste heat from the main 
thermal operation — the burning of the cement — might be used, 
but in practice a separate furnace is generally preferable. 

An alternative form of rotatory drier is shown in Fig. 37. 
This consists of a double rotating cylinder fitted with blades 
in the annular space for keeping the material in constant contact 
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with the hot gases. The hot gases from an independent furnace 
are led into the housing of the revolving cylinder and are returned 
by means of a trunk through the centre of the drier to the 
flue. An advantage is secured by the passage of the gases over 
the outside of the cylinder, as loss of heat is thus diminished. 

As rotatory kilns run continuously, and grinding machinery 
as a rule not more than twenty hours per day, it is necessary 
to have a good deal of storage capacity apart from the need 
for providing for renewals and breakdowns of the grinding 
plant, which are more apt to occur than with the kilns. Large 
ferroconcrete silos arc used in modem practice. These may 
be circular or square in section and provided at the bottopi 
with a hopper. The angles of repose, which will vary with the 
, nature of the material, should be considered in the design, but 
more empirical methods are generally adopted, largely because 
the angle of repose varies not only witli the nature of the material 
but with its dryness. The one thing necessary is that the 
storage capacity should be ample. 

Burning 

The general development of burning has been dealt with in 
the earlier part of this chapter, beginning with the early and 
cmde fixed kilns and passing to later stages, including that 
represented by the rotating kiln. That section is more or less 
historical, but may be found useful as indicating the improve- 
ment of what is, after all, the essential stage of cement 
manufacture — namely, the purely chemical part, where the acid 
and basic constituents are caused to combine. It remains to 
consider the present methoefe of burning. 

A rotatory kiln consists of a cylinder made of boiler plate 
riveted together, or of welded steel tubes, of lOO to 250 ft. in 
length and 8 ft. to 10 ft. in diameter. It is lined with fire-brick, 
and carried on rollers so set that the kiln is inclined at a slight 
angle downwards to the burning zone. The ordinary inclination 
is about I in 25. The downward pressure is taken by appropriate 
thrust rollers. The whole stmeture is carried on concrete 
pillars and is ordinarily driven by electrical gearing. The usual 
speed of rotation is one or two revolutions per minute. 

When rotatory kilns were comparatively novel the upper 
end was often unlined, but in all cases the lower end, and, in fact, 
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the main length of the kiln, must be hned with some refractory 
material. A description of the methods in use in 1898 and for 
a few years later is given in the Paper read before the Institution 
of Civil Engineers and previously referred to, from which the 
following extract is taken. 

The lining of the kiln is another matter which needs special 
mention. In order to explain the cause of the difficulties encoun- 
tered when ordinary firebrick lining is used, and to indicate the 
nature of the remedy which has been found, a short excursion 
into the chemistry of refractory materials is requisite. The 
ordinary material used for lining furnaces is firebrick, which 
is substantially composed of silica and alumina; it contains, as 
minor constituents, oxide of iron, magnesia, and alkalies. The 
percentages of the chief constituents may range from 75 % 
of silica and 20 % of alumina, to 55 of silica and 40 % of 
alumina. Such bricks behave as an acid substance towards 
Portland-cement clinker, which, being rich in lime, is a basic 
material. The acid brick and the basic clinker flux together 
and unite to form a fusible mass similar to blast-furnace slag. 
This action is inevitable at a clinkering temperature, and, if 
allowed to proceed, gradually causes the destruction of the fire- 
brick lining and the deterioration of the cement clinker which 
is contaminated by the slag-like product of its action on the 
firebrick. Many attempts have been made to remove these 
inconveniences. As alumina acts as a weaker acid than silica, 
bricks relatively rich in alumina have been employed. The 
following analysis gives the composition of a brick of this class — 


Silica 




. 55-8^ 

Alumina 




• 37'y8 

Ferric oxide 




. 4*02 

Lime 




. Nil. 

Magnesia . 




078 

Soda 




0-88 

Potash 




. 0-37 


99‘«5 


But this brick is stiU strongly acid and is sevcit'ly attacked 
in practice. In order to prevent the clinker attacking the lining 
the latter must be basic. No better form of basic lining can be 
conceived than one composed of cement clinker itself ; obviously 
it must be without action on cement materials clinkered in 
contact with it. But it is not a convenient material of which 
to make bricks with which the lining may be constructed per se. 
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A process by which a protective coating ot clinker can be 
applied to an existing lining of firebrick would meet the require- 
ments of the case exactly. This process has been worked out 
by Messrs. Hurry & Seaman. It is executed in the following 
manner : A coating of common salt is applied to that part of 
the firebrick lining of the kiln which is exposed to a clinkering 
temperature. The kiln is then heated and the raw cement- 
material is introduced into the kiln and raised to a clinkering 
temperature. At this temperature it is plastic, and adheres to 
the heated surface, on to which it is beaten or pressed down to 
form an adherent protective coating. The junction between 
the firebrick and the coating of clinker i^ protected from the 
full clinkering temperature by the thickness of the clinker coating, 
and corrosion of the firebrick by the canker is prevented. The 
use of salt to form a sticky surface to which the clinker adheres 
in the first instance, though advantageous, is not necessary; if 
the use of salt be dispensed with, the bare firebrick lining is 
heated to a high temperature, and to it is applied an adherent 
coating of clinker, which serves as an effectual protection of the 
junction of the two materials from further fluxing. This simple 
and beautiful device has changed the entire aspect of cement 
manufacture in rotatory kilns. It has abolished the whole of 
the difficulties which have arisen from the destruction of the 
lining, and has made possible the use of ordinary firebricks, 
which are cheap and good non-conductors of heat, in place of 
expensive magnesia bricks wdiich conduct heat too freely and 
are, moreover, liable to crack." 

Later experience has modified this practice a good deal. It 
is no longer sought to obtain firebrick of especially “ neutral 
quality, nor arc special efforts made to provide a basic lining 
to protect the firebrick from Jhe clinker. There is always some 
attack and some adhesion of the clinker to the firebrick, but 
with proper regulation of temperature the attack is not so 
intense as to destroy the lining rapidly. Of course stoppages 
for occasional repairs are necessary, but it may be said that 
whereas in earlier days the lining question was regarded — and 
rightly regarded— as of great importance, it is now looked upon 
as a secondary matter, much as the inevitable replacement of 
boiler tubes is regarded. 

The accompanying Fig. 38 shows a modern kiln of Messrs. 
Smidth of Copenhagen 230 ft. long and 10 ft. in diameter. It 
has an enlarged burning zone having a diameter of ii ft. 4 in. 

G 
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This is claimed as an advantage by some makers, while others 
prefer a cylinder of equal diameter throughout. The larger 
burning zone allows of longer ** soaking ” of the clinker at the 
burning temperature, and this is certainly a merit. On the 
other hand, the construction of a cylinder of uniform diameter 
is simpler. It will be scon in the figure that there is a large 
housing or hood at the burning end through which passes a pipe 
carrying the fuel — powdered coal. The kiln is driven at about 
the middle of its length by spur gearing. In the illustration 
the position of a second kiln is shown, to be afterwards installed. 
This is general practice, as it is economical to build the sheds 
and other pennanent structures so as to allow of duplication of 
the plant when required. Below the kiln is seen the cooler, 
which is shown more clearly in Fig. 39. It consists of a rotating 
cylinder into which the red-hot clinker drops. This part of the 
plant varies a good deal in different makes, but in the present 
case the clinker makes two journeys through the cooler, meeting 
air driven in by a fan, the air passing to th(‘ kiln. Tlie clinker 
finally passes into the hood shown in the figure and falls through 
a hopper into trucks. 

It will be understood that there arc other fonns of cooler, 
some of which consist simply of a rotating cylinder like a small 
kiln and having a current of air passing through them and then 
to the kiln. In many cases water is sprayed on to the hot clinker 
for a final cooling, and incidentally to slake any free lime 
which may remain from imperfect mixing or burning. The 
same purpose is sometimes served by storing large masses of 
clinker, slightly moist on the surface, and allowing slow slaking 
to proceed. Such practices, though sometimes necessary, arc a 
tacit confession that the clinker has not attained that state of 
perfection at which the cement-mc^kers aim. There is, however, 
a good deal to be said for them, as they afford a safeguard to the 
consumer against that most dangerous of materials, unsound 
cement. 

Taking this sketch as sufficient to give a general idea of a 
modern rotatory kiln, the course of the raw material may be 
followed from the time it leaves the grinding plant to its exit 
from the kiln as clinker. In the case of wet raw materials, these, 
when finely ground and of correct composition, are pumped to 
the upper end of the kiln by a pump, usually of the type shown 
in the figure (Fig. 40). It is of simple design and consists of three 
cylinders with single acting plungers driven by a three-throw 













84 


CEMENT 


crank. There is an air chamber to take up shock, and a relief 
valve to allow the slurry to escape should a stoppage in the 
system occur. The pumps are designed to deliver more than 
the maximum consumption of slurry into a feeding trough, the 
surplus being returned to the tank from which the pUmps draw. 
The details of one such arrangement are shown in the accom- 
panying figure (Fig. 41). The slurry is delivered by the pumps 
into a storage tank h provided with an outlet valve c, with a 
hand control d, and an overflow pipe for the excess c. From 
this storage tank the slurry flows into a receiver /, which is 



provided with a weir so as to maintain a constant head. From 
this receiver the delivery pipe g carries the slurry to the feed 
pipe h and then to the kiln. 

Another type of slurry feed is the scoop feed, which is shown 
in Fig. 42. This consists of a slowly rotating wheel, provided 
with scoops marked S which deliver the slurry into the com- 
partment from which it gravitates to the kiln feed pipe. In this 
case there is no necessity for a return, as the feed is positive. 

In the case of dry raw materials the use of a dosage tank 
employed for slurry is obviously, inapplicable, and the equiva- 
lent process of adding a little of either dry raw material before 
it passes to the kiln, though possible, is troublesome, and rarely 
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used. It follows that extra care must be taken to provide 
precisely the right proportions from the O’ tset. And here it is 
proper to remark that the complete dryness cf the raw materials 
is essential, as in their natural condition the content of moisture 
varies, and although that is easily determined the materials have 
passed into the kiln before correction can be made. Assuming 
that the materials are dry, they are automatically weighed 
according to their composition and conveyed to the grinding 
plant. From the grinding plant the finely-ground material is 
taken by conveyors to hoppers of sufficient capacity to allow 
of regular feed to the kilns, not only in ordinary work but during 
accidental stoppages of the grinding plane and over week ends, 
when as a rule the plant is at rest th 'igh the kilns run on. 

'J'hc usual practice is to pass the mixed dry meal to the kilns 
by worm conveyors with variable rate of feed. Sometimes the 
dry meal is damped just before it enters the kilns in order that 
there may not be too much dust going into the flue. On the 
whole, it may be said that this is a makeshift, and that it is 
better to face the dust difficulty by catching the dust with baffle 
plates and the like, and this has been spoken of. 

The foregoing general description will give an idea of a typical 
plant of this date, but it may be of interest to record the develop- 
ment of the modern rotatory kiln. Enough has already been 
said in a previous chapter concerning earlier attempts and 
their outcome, but the following will serve to give an idea of 
the evolution of the modern plant. Fig. 43 shows a set 
of kilns each 60 ft. long and 6 ft. in diameter. The clinker 
dropped into a hopper and thence into a truck. The fuel feed 
was by an injector, the coal dust being fed from a hopper 
much as in present practice. It will be observed that the 
feed of slurry was much as at present, and that considerable 
precautions were taken for storage of the slurry and incidentally 
its blending, so that the mixture fed to the kilns was fairly 
uniform. The old saying, “ cement is made in the wash mill,’^ 
holds here as much as it did in the days before rotatory 
kilns were dreamed of. It will be noted that the driving 
arrangements arc rather primitive, the whole set of kilns being 
driven mechanically off a main shaft. Nowadays distributed 
electrical driving is general. The gradual growth of the size 
of Idlns is interesting, those illustrated being less than a third 
the length of the modem kiln and of vastly less capacity and 
output, but the principle remains unaltered. 
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Another good example of what may be regarded as an inter- 
mediate stage of development is shown in Fig. 44. This shows 
a kiln working on the wet process, the feed being of the overflow 
type. The burner is driven by a fan and is in a removable 
hood. The coal passes through a rough crusher, is elevated to 
a hopper over the drying drum through which it passes to the 
elevator to the ball mill, where it is ground ; then to the tube 
mill, and so to the feed hopper. The dry and finely jjowdered coal 
is driven by a fan through a pipe in the hood into the kiln. The 
clinker falls into a shoot and then into a rotatory cooler. From 
the end of the cooler it falls on to a shaking conveyor and thence 
to the grinding })lant.' 

A suflicient description has been given of the kilns themselves, 
both in regard to their origin and development, but certain 
details of construction and use may be considered. As already 
mentioned, general practice is to construct kilns of boiler plate 
riveted together, but in some cases they are made of steel 
tubes welded longitudinally and riveted together length to 
length. In earlier days the upper part of the kiln was left bare 
and sometimes provided with blades intended to stir the slurry 
as it flowed down the kiln, d'his has been abandoned in the 
latest examples, and the kilns arc lined throughout with fire- 
brick. It seems unnecessary to line a kiln at a part where the 
temperature is low, but a litth; reflection will show that sim- 
plicity may be preferable even if it involves a small expense. 
As the lower end of the kiln must be lined, it is better to make 
a circular arch of fire-brick from one end to the other without 
a break, such as would be caused by a change from brick to bare 
steel. 

The preparation of the coal for burning is of equal importance. 
The composition has been dealt with in an earlier chapter, and 
the method of drying usually employed has also been described. 
As small coal is used, only a slight preliminary crushing is neces- 
sary, and this is done by rolls, bringing it down to about one inch 
size. At this stage it goes through the dryer, and then grinding 
properly begins. The grinding is usually carried out either in 
mills of the centrifugal class, such as the Griffin or Fuller mill, 
or in ball and tube mills. Both types have been described 
above. The dried coal, ground to pass loo-mesh sieve, is stored 
in hoppers and fed to the kilns by various methods. Two may 
be cited. In both the powdered coal is mechanically driven 
towards the kiln by screws and then is propelled by a blast of 
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air. In the older form, notably that of the pioneer plant of 
Hurry & Seaman, the air was provided by a compressor, and 
this method has been largely used. In the Hurry & Seaman 
plant elaborate arrangements were made to allow of the ingress 
of secondary air before final combustion took place in the kiln. 
Although most ingenious and theoretically excellent, yet the 
process and apparatus were costly, particularly as a compressor 
is a wasteful machine for propelling air, and should only be 
employed when necessity compels. Simplicity prevailed, and 
propulsion by a fan at low pressure has practically superseded 
the compressor process. 



Both systems are shown in the dravdngs. The first (Fig. 45) 
shows the coal driven by a screw into«a pipe into which is injected 
a blast of air at high pressure: the nozzle of the injector is 
shown at A. 

The second (Fig. 4G) is the later form working with a fan at 
low pressure. The drawing given shows the arrangement. A 
is the hopper containing coal dust, B is a twin screw extractor 
removing the coal dust to the pipe C, where it meets the blast 
from the fan. The feed is controlled by the variable speed 
gear D, and the coal is delivered into the kiln tlirough the 
nozzle E. It will be seen that th® arrangement is of a simple 
and practical nature. The reason for the earlier and more 
elaborate devices was that it was believed that something like 
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a blowpipe flame with air and fuel nicely adjusted was necessary. 
This proved to be an error because, provided the coal is finely 
divided and hurled into the kiln, it matters very little how it is 
hurled. It might be hurled by nitrogen. The real combustion 
is in the kiln itself. 

The whole of the kiln system is under the control of the burner, 
who may be in charge of two kilns, or of three if he has an 
assistant. It is skilled work but not diflicult, as the temperature 
on the burning platfomi is not excessive, and the control now- 
adays is easy with kilns provided with variable speed gear 
electrically driven. One discomfort is the glare from the kiln 
when the door is opeited, but blue glasses provide' for this. The 
writer when examining the working of a kiln never uses these, 
preferring to allow his eyes to become accustomed to the glare, 
and then seeing the condition of the burning zone more accur- 
ately. But this is quite* impracticable for a man working on 
the platform for many hours a day, and day after day, and 
good optical protection is absolutely necessary. 

The clinker as it comes from tlic kiln shculd be perfect in 
composition and soundness, but this is rare. Often it is'qucnched 
by a stream of water din'cted either on to the clinker as it drops 
from the kiln or from the cooler. Sometimes it is stored in large 
dumps protected from direct rain, but open to the weather. The 
condition of the clinker in such dumps after storage is a fair indi- 
cation of the degree of imperfection in the manufacture. Large 
whitish nodules looking much like slaked lime may be regarded 
as an index of bad mixing, bad burning, or both. The practice 
of storing in dumps, though not ideal, has a certain advantage. 
In the first place there is afforded an opportunity for under-burnt 
material to hydrate and become innocuous. Also there is a 
reservoir of stuff on which the maruafactiirer can draw according 
to the requirements of his trade. But it must be remembered 
that all this means double handling and is economically bad. 
A works running under perfect conditions will deliver cement 
ground from faultless clinker straight into casks or bags, reserving 
in store only so much as will provide for fluctuation of demand. 

The grinding of the clinker is conducted in mills of the type 
already described. In the case of tube mills steam is sometimes 
injected with the view of hydrating any under-burnt particles. 

It has been found that the setting of cement differs consider- 
ably according to its method of manufacture. In the old days 
when fixed kilns alone existed, quick and slow setting cements 
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could be manufactured by varying the composition of the raw 
materials. 

Thus, broadly speaking, the lower the lime content and the 
higher that of alumina the quicker the cement sets. Also if 
the setting time was inconveniently short, it could be prolonged 
by aeration of the cement by storage. 

These questions, though not even now fully understood, are 
dealt with according to current knowledge in a later chapter. 
Putting aside the cause for the moment, the fact remains that 
the setting lime of fixed kiln cement could be controlled without 
much difficulty. When rotatory kilns superseded the older 
types, troubles as regards setting time arose at once. It was 
found that on account of the higher temperature a large part 
of the sulphuric anhydride naturally present in the raw materials ' 
did not appear in the clinker but went up the Hue. The obvious 
remedy was to add sulphuric anhydride in some form or other 
to the cement as it was being ground. Either raw gypsum or 
plaster of Paris from broken casts was usually employed, bat 
it was Soon discovered that the retarding effect of these materials 
is evanescent. Again, the. chemistry is obscure, though the fact 
remains. 

Further, it appeared that rotatory clinker often had a flash 
set” — that is, it set almost immediately when freshly ground, 
and shortly afterwards set too slowly to be conveniently used 
in the' work. Control of these variations is usually accomplished 
by the use of plaster of Paris, bui there is still the difficulty 
that the effect of the addition of sulphates is neither uniform 
nor permanent. 

To consolidate the reader’s ideas it may be useful to print a 
description of typical w’orks. The first is an excellent example 
of a modern works built b^ Messrs. Smidth on the site of an 
old w'orks with fixed kilns. The raw materials are those usual 
in the district, consisting of chalk and clay of the usual good 
quality used at Thames and Medway works. A description of 
the works, taken from The Times Engineering Supplement, is 
appended. The writer knows the works and accepts the 
description as correct. 

“ It is a matter of common knowledge that the Portland- 
cement industry in this country has been passing through seasons 
of great vicissitude, and that during the past few years it has 
become necessary for much of the old plant to be consigned to 
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the scrap-heap. It is scarcely too much to say that in the short 
space of a decade the whole process of manufacture has been 
revolutionised, and that many works thought to be efficient 
and up-to-date at the close of last century have been proved to 
be completely obsolete and incapable of being conducted at a 
profit. 

" A change of this character has taken place at West Thurrock 
in the works of the Tunnel Cement Company, originally erected 
in 1874, which have now been reconstructed and equipped with 
entirely new plant by Messrs. F. L. Smidth and Co., of Copen- 
hagen. The original works, kilns and all, have disappeared and 
the only trace of the old buildings is a part of the fonner ware- 
house. The works may be now looked upoiCas^being typical 



of the modern methods introduced into this branch of manu- 
facture. The most remarkable feature is the great length of 
the rotary kiln and the extreme uniformity of the quality of the 
cement, consequent upon the employment of single units of the 
largest size. 

Wash Mill 

“ The chalk, brought in trucks from a neighbouring quarry, 
and the clay, also loaded in trucks, are conveyed to the edge 
of the wash mill, and after being weighed arc tipped by hydraulic 
pressure, in truckloads at a time, into the wash mill (shown in 
Fig. 47), capable of dealing with 50 tons of raw material an hour. 
The chalk and clay are reduced to slip or “ slurry ” by revolving 
stirrers of the drag-harrow type, ‘and the slip is pumped up to 
the separators, where the coarse particles arc removed. This 
is effected by centrifugal wringers, the sides of which are lined 




Kiln 
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with wire gau2e that permits the fine particles suspension 
to pass through, but retains the coarser matters for return to 
the wash mill. The roughly screened slurry, after being further 
ground in a tube mill, is run into a series of tanks, provided with 
stirrers in order to prevent deposition, after which it is lifted 
by a pump to the top of the kiln building. This is a fine hall, 
about 240 ft. in length by 55 ft. in width, containing two rotary 
kilns with clinker-cooling cylinders and coal-grinding plant. A 
photograph is given (Fig. 48). 


Rotary Kiln 

“ Each rotary kiln, into the upper e^^d of which the slurry is 
introduced at the rate of about 45 gallons a minute, is inclined 
at an angle of i in 25 with the horizontal and is supported on 
five sets of friction rollers. J£ach kiln, which is 210 ft. in length 
by 8 ft. in diameter, increased to 9 ft. near the firing end, is 
driven by powerful gearing at the centre and revolves at the 
rate of one complete turn in 65 sec. It consists of a tube, formed 
of mild steel plates riveted together, and lined throughout with 
firebrick. The fuel, which is Newcastle coal ground to a fine 
powder (about 15 % residuum on the 180-mesh sieve), is blown 
into the kiln by a high-pressure fan, and the air needed for 
combustion, previously heated by being passed over the red-hot 
clinker quitting the kiln, is also blown in by a fan. This kiln, 
when in normal work, is capable of yielding yl tons of clinker 
an hour, with a fuel consumption equal to 28 % of the weight 
of the cement. The coal is ground in a ‘ kominor,’ or ball 
mill, and is finished in a tube mill, whence it is raised into a 
feeding hopper. 


Grinding Flant 

The clinker, as it issues from the cooling cylinder, placed 
beneath the rotary kiln, is lifted by a conveyor into a storage- 
hopper, whence it is removed in iron trucks and wheeled by hand 
on a narrow-gauge railway to the mill house. The kominor into 
which it is tipped along with a measured quantity of gypsum, 
to delay the setting time of the cement, will turn out 10 tons 
of finely crushed clinker an hour, and the ground material from 
the kominor is conveyed to tha tube mill, 6 ft. 6 in. in diameter 
and 24 ft. in length, in which the cement is ground to an extremely 
fine powder. The specified fineness of grinding is 12 % residue 
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on the i8o-mesh sieve. The ground cement issuing from the 
tube mill is transferred by a spiral screw conveyor to an endless 
rubber belt, 170 ft. in length, leading to the silos, six in number, 
30 ft. in diameter and 50 ft. in height, with a united capacity of 
10,000 tons of cement. 

Automatic Sack Filling (Fig. 49) 

” The use of the ‘ Exilor* machines for sack filling constitutes 
a marked improvement on the old-fashioned plan of working. 
The empty sack, attached by clips to the orifice of a tube leading 
from the silo, is shut into an airtight chamber, formed in two 
sections, and in the act of closing the door an air-exhaust is 
started. Owing to the vacuum created a stream of cement from 
the silo is drawn through the tube into the sack. The sack is 
hung at one extremity of the beam of a weighing machine, in 
the scale-pan of which is the exact weight of a filled sack. In 
10 or 12 seconds the requisite quantity of cement has been drawn 
into the sack, which then tilts the beam, thereby opening the 
air-valve : this breaks the vacuum and stops the flow of cement. 
The opening of the door to remove the sack enables a small fan 
to carry away the dust from the mouth of the sack and the 
door is ready to be swung back and closed against the other 
chamber of the Exilor, in which another sack has in the mean- 
time been fixed in readiness for filling. The door is Iiinged on 
the centre line, so as to be capable of being closed against each 
section of the chamber in turn. A gang of three expert work- 
men fill and wheel away 120 sacks of cement in the hour, with 
the precise weight required in every sack. A small air pump^ 
driven by motor, is all the power needed to convey the cement 
from the silo into the sack, and t,he vacuum created is about 
15 in. of mercury. 


Power House 

“ The power throughout the works is generated electrically 
and is conveyed by cables to the various machines. The power- 
house is a handsome building, containing ample space for 
additional plant. At present a steam turbine driving a power- 
ful dynamo, furnishing three-phase current at 50 periods per 
second, is the main source of supply, but there is a 250 h.p. 
gas-engine to serve as a stand-by. The total weight of the 
turbine and dynamo is 27 tons, whereas the fly-wheel alone of 
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a reciprocating engine to furnish the same amount of power 
was estimated to weigh over 50 tons. Steam is supplied by 
two Steinmiiller boilers, each of 1000 h.p., with chain grate 
stokers.” 

The following description of a plant for dry raw materials may 
be taken as typical, and for clearness a plant actually running 
is chosen, but it must be understood that modifications would 
be necessary in some cases, the instance given being regarded as 
an example only. 

The raw materials are a hard limestone and a shale. The 
limestone is crushed at the quarry and the larger pieces are sent 
to chemical works. The smalls are shipped. to the cement works. 
The crushers are ordinary jaw crushers and the material is sized 
by rotatory screens similar to those used fot’ sorting road metal. 
The smalls are about one inch in their largest dimension. The 
limestone rock is substantially dry. The shale is quarried from 
the hillside and taken by trucks to the crushers and screens, 
and then by a travelling band to large hoppers on a lailway. 
siding. From these it drops into trucks and is sent to the cement 
works. As the material is a shale its condition as regards moisture 
varies appreciably, and, moreover, will be altered in the course 
of its journey according to the weather. 

The limestone coming by water is stored in bins at the wharf 
and thence dropped into trucks which are hauled to the cement 
works a short distance away. The shale is delivered by rail 
direct to the works. Both are shot into storage bins and dried 
in rotatory driers of the Ruggles-Cole type. These driers have 
already been described. From these the dry materials, still about 
one inch cubes, are elevated to hoppers over weighing machines, 
where their proportions are adjusted. The material from the 
weighing machines is dumpcci into a hopper, and thence fed to 
a revolving cylinder, where it is roughly mixed. It is still un- 
ground. The function of the cylinder is merely to make an 
approximate blending of the two materials. The materials are 
then discharged into the boot of an elevator, which lifts it to 
the top of the building and discharges it on to a belt conveyor, 
which delivers the mixed material to the mill hoppers. From 
there it is released to the mills, wiiicli may be ball and tube, 
Griffin or Fuller, all of which have been described. As perfect 
admixture is not so easy with, dry raw materials as with wet 
ground to a slurry, the ball and tube equipment has advantages, 
as the tube mill has a considerable capacity, and small errors of 
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proportion'' adjust themselves there. The mills deliver into a 
common conveyor, and the material is elevated to the main 
storage hopper, whence it is distributed to the kiln hoppers. 
The material is extracted by a screw conveyor and fed to the 
kiln. In some works it is damped as it goes in to prevent the 
dust, which would otherwise be carried by the draft of the kiln 
into the slack. The kilns are of the same build as those used 
in the wet process and have already been described. The 
remaining stages of the process are identical with those already 
mentioned, and the product is handled in the same way. The 
preparation and injection of fuel is also the same. The essential 
difference of the two processes is that in the case of the dry 
process it is as necessary to have the raw materials thoroughly 
dry as it is in the wet j)rocess to have them thoroughly wet, 
and that there is certainly more difficulty in making a homo- 
geneous mixture of dry limestone and shale than there is of 
chalk and clay. But the difficulty is easily met by exact work- 
■ing, and the working of dry materials by the wet process, though 
possessing merits from this point of view of intimate admixture, 
does not commend itself thermally. 

In one case the clinker is taken from pits below the kilns on 
a conveyor, elevated and distiibutcd in dumps. The same 
conveyor receives the stored clinker and carries it to a cross 
belt, which conveys it to the mill hoppers. From the mills it is 
con\’eycd to the storage bins and thence to the automatic 
packing machines. It will be seen that in modern practice as 
little man-handling as possible is done — a great contrast to 
older methods. But there is an economic limit in this matter. 
The wear and tear of belts and conveyors, and their frequent 
breakdown because they handle such a dusty and gritty material 
as cement, must be set off agains^. the cost of manual labour, 
and it is sometimes a nice point to decide when mechanical 
methods should stop and barrow-pushing begin. The writer is 
familiar with works of both types where the supposed advantage ’ 
of one plan or the other has been driven unreasonably far. In 
short, the local conditions must be considered by some one not 
wedded to a system, however good in itself. 

Packing 

I 

As regards packing, the “ Exilor " system described below 
and shown in Fig. 49 is an application of a device designed by 
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the author some years ago for sampling cement ip the heap. 
A description of the sampler is given in the chapter on analysis 
and testing. The commercial application of this principle is 
common in such machines as grain elevators, but as far as the 
writer knows it has been adopted for cement only by Messrs. 
Smidth, whose description is here transcribed. 

" Tlic container, whether this is a sack or a barrel of any form 
or shape, is placed in an airtight chamber connected by means 
of a pipe with the material to be packed and with an air pump. 
By means of the latt(a' a vacuum is created in the airtight chamber, 
and the material will flow through the pipe, the mouth of which 
must be placed in a position so that Bie material falls into the 
container. 

“ To bring this principle into a practical form the airtight 
chamber is provided with a door, through which empty containers 
can be put into position, and filled oiU'S taken out. 

“ To utilise the apparatus fully the time which would other-^ 
wise be wasted by placing the empty containers and taking the 
filled ones out is utilised by making the apparatus double-acting, 
having two separate vacuum chambers, one man being able to 
look after both. 

The Exilor for pneumatic packing is at the same time an 
automatic weigher. This is done by hanging the container up 
on one end of a beam, at the other end of which weights can 
be placed to govern the exact weight of material required in 
each package', and arranging a simple system of valves, by which 
the connection with the air pump is lirokcn off the moment 
that the correct weight is filled into the container, at the same 
time forming a connection with the open air. 

" The Exilor for pncumaljic packing works absolutely dust 
free. The process of filling the container takes place inside the 
closed chamber, and in the vacuum the dust particles will fall 
straight and solidly down into this. The moment that the 
outside air is admitted there will certainly be a sudden develop- 
ment of dust, but the Exilor is provided with a small fan, which 
automatically clears this dust away from the back of the chamber 
and disposes of it either into a dust filter or else into a permanent 
dust collecting pipe serving all the machines. 

“ The Exilor for pneumatic packing is a portable apparatus, 
which without any difficulty can be moved from one place to 
another, and by a flexible tube can be connected up with the 
H 
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suction pipes inserted at the bottom of the various bins or 
silos/* 

It is of great importance to have on the works a chemist of 
knowledge and experience who can control the quality of the 
raw materials and the finished product. Ilis duties consist in 
analysing the raw materials, the mix, the clinker, the coal used 
for burning it, and for power purposes, the flue gases and any 
auxiliary substances such as gypsum, which may be used for 
regulating the setting time. In addition he must be able to 
carry out the usual mechanical tests as regards tensile and com- 
pressive strength, setting time and the like. As a large works 
running night and day has hundreds of samples per week to be 
analysed and tested, it is quite impractical^ile for this work to 
be done without an adequate stall, and the chief chemist should 
be relieved of the necessity of carrying out routine work himself. 
But he should know it through and through and be able to 
kixecute any of the usual operations himself, either at a jiinch 
or to educate a new assistant. In short, he must have been 
through the mill himself. 

The usual methods of analysis and testing are more con- 
veniently described in sections by themselves. 



CHAPTER V 


POWER 

The question of power for a cement works is secondary only 
to that of raw materials. Evidently a fairly cheap supply of 
both is necessary for a successful undertaking. It is assumed, of 
course, that the supply of both raw m'^^.erials and power is not 
made impracticable by cost of transmission. I'he word trans- 
mission is adviscxlly used, as it includes freight of every sort, 
whether m('chanical or by the direct utilisation of electricity. 

In general the ])rimary source of power for cement works 
is coal, but wherever petroleum is available it may be used* 
with advantage. Aj^art from cost, petroleum must be preferred, 
as it needs no preparation and can be used for all purposes just 
as easily as gas can be by turning on a jet, and is as easily 
regulated. 

The coal may be used in various ways. The ordinary plan 
is to buiii it under a boiler, carrying in the coal mechanically 
or shovelling it in by hand. 

But seeing that burning on a larger scale than that of ordinary 
steam-raising in a cement works can be done by injection of 
powdered coal, just as in the case of a kiln, there appears no 
reason why the same method could not be applied to boilers. 
It may be urged that this method of steam-raising is uncon- 
ventional, and that that view must be accepted and then its 
consequence discarded. It must be remembered that boilers 
which ere the most heavily pressed — that is to say, naval boilers 
heated by oil fuel — work with complete success, and as powdered 
coal is merely equivalent to liquid fuel, injected in much the 
same way as oil fuel is injected into the furnace of a naval boiler, 
there appears no difficulty in adopting pulverised coal as a means 
of obtaining power for a cemcht works. Those objections of any 
weight which have been urged relate to one or both of two things : 
these are the difficulty of burning powdered coal in order to heat 
a boiler of the conventional type, and, supposing that were done, 
the difficulty of collection of ash from the burning coal. Both 
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these objections may be put aside at once. It will certainly 
be necessary to bum the jet of powdered coal in a large fire- 
box, and it is also certain that, with the blast behind it, a great 
part of the ash of the powdered coal will be carried through the 
flues of the boilers, but it is equally certain that neither of these 
things presents any mechanical difficulty. 

Now, when it is considered that the total consumption of fuel 
in a cement works turning out 50,000 tons a year is 25,000 tons 
a year, and that of this quantity about three-fifths is used for 
the actual burning of the cement, for which purpose it must be 
reduced to a fine pow'der, it follows naturally that the balance 
were better used for raising steam if steam is the prime 
mover. 

This is only one side of the essential question of the provision 
of power in cement works, the total amount of which may be 
taken as about 30 % of the total working cost. It must be 
understood that these figures relate to normal prices of fuel 
and not to war conditions. 

There are other methods of obtaining power. I do not think 
that any one at present has been bold enough to tak(j his total 
amount of power from a public supply, because that is usually 
too dear, but there are certain districts where coal is cheap and 
local power plants are large, which might well supply a good- 
sized cement works at a reasonable rate. 

I would instance the Pottciies, where power can be obtained 
at about a halfpenny per lioard of Trade Unit. There comes in 
the question of material ; there is plenty of clay in the pottery 
district, but it is already utilised for its proper purpose, and as 
far as I know, there is no limestone or chalk in the immediate 
neighbourhood. Probably one would have to go to Derbyshire 
to obtain the necessary calcareoifs material. 

This brings us once more to the fundamental question of 
having the three requisite factors : (i) something argillaceous, 
(2) something calcareous, and (3) source of power, all within 
easy reach of each other. 

In an earlier part of this book I have touched lightly on the 
possibility of electrical means of bringing cement raw materials 
to a clinkering temperature, and have said that that is a matter 
rather of the future than the present. 

What has been said there dods not apply to the utilisation of 
electrical power for driving all parts of modern cement plant. 
As the cement industry is typically English, it is in the condition 
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of Topsy, who said, " ’Specs I growed,” and it is precisely on 
account of this that the most diverse methods of obtaining and 
utilising power have been employed, with more or less success 
in this pioneer country, and at this moment there is no regular or 
standardised practice. 

By the courtesy of various manufacturers, whose information 
is suitably acknowledged, I have been able to correlate, with my 
own knowledge, something of their commercial experience. 

The best description from a manufacturer’s point of view of 
the generation and distribution of powder electrically has been 
afforded me by Mc.ssrs. Allen of Sheffield. Mr. Coles, who has 
charge of this part of the plant, contributed two articles to the 
Electrical Review, from which I quote freely and with full 
acknowledgment. 

Mr. Coles says : “ Both the horse-power installed per ton of 
annual output and the energy consumed aic now much greater 
than before.” This is true and may be acce])t(‘d with the 
rescr\'ation that horse-power relates only to that of ma hines;* 
the total horse-power will, of course, include the number of units 
of energy contributed by manual labour, and as this, in an old- 
fashioned works designed before the rotatory process W'as thought 
of, w^as exceedingly great, and is not exactly known. It will be 
understood that a proper computation of the total units of energy 
put side by side with Ihe units from the mechanical prime movers 
is the only way of saying whether or no the present method 
needs more or less horse-power than the older does. Mr. Coles’s 
excellent paper goes on : “ The latter, however, has increased 
at a greater rat(^ than the former, with the result that the load 
factor has been materially improved.” The natural deduction 
from this is that a point is within reach where power can be 
taken from a public plant mofc cheaply than by the installation 
of a private generating plant. I will quote another paragraph 
from this article almost in its entirety, adding my comments. 

'' A rotatory kiln installation . . . consists almost entirely of 
moving machinery, which includes the kiln itself, the coal mill, 
the fans for air and coal, the clinker cooler, and elevating and 
conveying gear. These in the aggregate may require from 
6o to 140 h.p. per kiln, depending upon its size and output. 
A second reason for the increased demand for power lies in the 
fact that modem specifications call for much more finely-ground 
cement, with the consequence that for any given output per 
week the grinding machinery has to run considerably longer 



102 


CEMENT 


hours or be increased in capacity. In addition to the finer 
grinding of the cement clinker that has now become necessary, 
it has become the custom to reduce the raw material before 
burning to a much greater degree of fineness in order to ensure 
the cement passing the severe tests usually called for as regards 
soundness and freedom from expansion.” It must be remem- 
bered that this article represents the practice of 1911, and at 
that date the absolute necessity of producing a perfectly sound 
cement was less understood than it is now, when the labours 
of the Cement Committee of the British Engineering Standards 
Association have come to fruition. There is another interesting 
paragraph in the si^me article which is certainly worthy of 
quotation. 

” The kilns are mounted on rollers with an inclination of i in 
20 to I in 30, and are rotated at a speed of from \ to iJ, revolutions 
per minute, the size of the motor installed to drive the kiln only 
varies from 15 to 30 h.p.” I agree with this estimate, making 
♦allowance for the larger size of the modem kiln — say 200 ft. in 
length and 10 ft. 6 in. diameter at the burning zone — and taking 
into account the better mechanical construction of the whole 
affair, both as regards the rollers and the bearings which take 
up the thrust, and the bettd* alignment of these respectively. 
I consider that, even with large kilns, 30 h.p. is not far out. It 
must be quite understood that there arc plenty of plants in which 
this horse-power for kiln-driving proper is much exceeded, and 
it can generally be found that the excessive consumption of ]X)wer 
arises either from bad design of the kiln or from accidental 
inclusion in the horse-power, as returned, of portions of the plant 
subsidiary to the kiln, such as the coal mill, fans, and the like. 
In the paper, from which I quote, there is an interesting table 
which, with full acknowledgment te its author and The Electrical 
Review, I quote below. 


Machine. 

H.P. 

Material Mill — 

Chalk crushers . . • . 

7’20 

Wash mill .... 

. 20-50 

Wet ball mill .... 

• 25-50 

Wet tube mill . \ 

• • 35-65 

Slurry mixer .... 

8-30 

Slurry pump .... 

. . 6-i8 
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Machine, 

H.P. 

Rotary Kiln Plant — 

Kiln 

. 8-30 

Clinker cooler . 

. 3 ‘io 

Fan 

. . . 5-i8 

Coal Mill— 

Drying drum . 

4‘io 

Ball mill .... 

. . . i 5'35 

Tube mill .... 

. 30‘6o 

Pendulum mill 

. . . 20-35 

Cement Mill - 

Ball mill .... 

. 30'<>.3 

Tube mill .... 

. 50-100 

Pendulum mill 

- • • 30-50 


As this papcT frankly admits an advocacy of electrical driving, 
it is fair to quote the following— 

“ The chief benefits to be derived arc as follows— 

(1) The engine-room can be located in any part of the works 
indc])endently of the position of the running machinery. 

(2) 'I'he various departments can be located independently of 
each (itlier, and of the engine-room. 

(3) Variable speed for particular machines can be easily and 
economically arranged for. 

(4) Any department can be shut down at will without, as is 
often the case, running long lengths of idle shafting for consider- 
able periods. 

(5) In the event of one engine being shut down owing to an 
accident or repairs, the remaining engine (where two are installed, 
which is usual) can supply }^f)wer for whichever department it is 
most important to keep running at that particular time. 

(6) The works can be extended in the future with a minimum 
of expense and trouble, both in the initial stage and later on 
when additions are required.” 

The second section of Mr. Coles's paper is also of considerable 
importance and well worth quoting. He advocates the use of 
a separate motor for each kiln, and there is a good deal to be 
said for this. But it must be remembered that the advantage 
gained of closer control of the speed of the kiln obtainable when 
each is driven by its own motor is scarcely necessary, as a kiln, 
if nmning regularly both from the feed end and the fuel end. 
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needs little variation in speed, and if an alteration has to be made 
it is rather in the nature of stopping and starting than careful 
graduation of rate of rotation. The one thing essential in 
rotatory cement practice is regularity in every respect, and all 
devices for altering the procedure are a tacit acknowledgment 
of irregularity of conditions. It is most useful to have at disposal 
the flexibility of an electric motor if the conditions are irregular, 
but it is far better so to arrange the plant that irregularity is so 
rare as to make the flexibility superfluous. The question of 
continuous running is touched on, and that may be considered 
at once in general tenns. In an ideal cement works the whole 
plant will run 24 hoprs a day, 7 days a week, and 365 days a 
year with an extension of i day in leap year. As in practice this 
is not attainable, a useful approach to it is to run the kilns 
168 hours a week, and to provide power for their running con- 
tinuously for that time. On account of needs for repairs of 
linings and the like the 168 hours will not be n'ached, and on 
•account of the necessity for repairs of other plant this deficit 
will be accentuated. 

It is interesting to note that the air suppfly for the kiln is 
sometimes provided by a steam injector. The author has not 
seen such a jflant, but regards it as quite possible, and possibly 
economical, and in any case it is certainly convenient. It must 
be quite understood that the fundamental idea of pushing 
powdered coal into a kiln so as to make a blow-pipe flame 
originated with the Hurry & Seamens plant at Northampton, Pa., 
and it must also be understood that, mechanically beautiful as 
the plant was, it is an impracticable process because of the heavy 
cost of the compressors both in capital and running. There 
may be such plants running now, but in cases within the author's 
knowledge the majority have been pulled out and the fan 
substituted. Here it may be worth recording that the northern 
parts of Europe, including Germany, took the lead, abolished the 
high-pressure system and blew in the coal-dust holos-bolos by 
a fan ; that was as long ago as iqoo. 

Reverting for a moment to Mr. Coles’ able article, it is satis- 
factory to note that he recognised the necessity of separating 
the prime mover from the driven ‘plant. An instance is given 
which may well be quoted : at the Stern cement works of Messrs. 
Toepffer Grawitz & Co., near Stettin, with which the writer is 
well acquainted, there has been installed a new power plant 
which consists of a 1200 h.p. condensing engine fitted with a rope 
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drive and driving the cement mill direct. On the crank-shaft 
is a 350 K.W. 500 volt D.C. generator, which supplies power for 
the rotatory kilns and the raw material plant. The second 
cxamj^lc of methods of driving is given in the same article, in 
that the engine-room is situated between the cement mill and 
the raw-material mill. The writer of the article properly points 
out that in cement plant a large starting effort is usually re- 
quired, and quite properly adln^res to the view that an electrical 
system may have many advantages. But it must be remembered 
that the difliciiltios of using clutches may be overrated, and that 
the gu^ater sim])licity and relative cheapness of a mechanical 
drive may well compensate for the comparative complexity of 
what is really the same thing, that is the ^^lip of an electrical clutch. 

One of the interesting points made in these two articles accords 
very well with my own experience. I have always regarded a 
hi. per Board of Trade Unit as about the figure at which a cement 
M'orks can be run from a local generating station, and Mr. Coles 
says, “ It may, generally speaking, be taken that unless a supply 
can be obtained on such terms that the price per unit will not 
exceed from o'qtf.-— o*6^f. it will be more economical to generate 
on the works.” 

Corresponding information is given by other manufacturers, 
whose stati nicnts, being at first hand and based on actual practice, 
1 do not hesitate to quote, with their consent. 

Messrs. Smidth’s information goes to show that just as the 
consultant has to judge everything on its merits, so the manu- 
facturer cannot be wedded to any particular system without 
prejudices to efficiency. 

Messrs. Smidth says : ” Years ago it was a common practice 
in this country to have one engine installed for driving one part 
of the factory, such as the wash mills, and one engine for driving 
another part containing, for instance, the clinker grinding mills, 
and so forth. Later on the tendency was to substitute the small 
engines by one large engine which then gave off jiowcr to large 
transmissions which drove, by means of ropes and pulleys, the 
mills, etc.” 

This alteration I have seen myself, and it fairly describes part 
of the evolution of the important item of power production in 
the modern cement mill. In the olden days ^^arious small 
engines, uneconomical and often placed in highly inconvenient 
places, were the characteristic style of plant, and later on a 
majestic engine, usually of the cotton-mill type, was made 
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responsible for the whole output, aided, of course, by one or two 
satellites for special purposes. 

Messrs. Smidth proceed thus : “ During the last few years 
practically all new cement factories have been amnged for 
electrical driving, the electricity being generated at a power 
station common to the whole works.” This is a natural corollary 
of the suggestion that a central power station, represented by the 
ordinary mill engine, is desirable in a works where the distribution 
of power in an economical fashion is as important as it is in a 
cement works, but in my view there are limitations, and if a 
balance sheet of power to cost of cement produced were set forth 
showing not merely, the total cost of power, but including such 
difficult items of the ultimate cost to the manufacturer involved 
in the run of more complicated machinery needing more skilled 
handling, it might be found that there is much to be said for the 
older methods. It must not be supposed for a moment that I 
pin myself to any particular form of prime niover or of drive. 
•As I said above, each case must be considered on its merits. 

It has been my object throughout this book to obtain the 
opinion of those concerned with the construction of plant and to 
set that opinion down as fairly as 1 can, not licsitating to say that 
sometimes 1 disagree, but the brief summary of Messrs. Smidth’ s 
communication fairly n^presents my own view', with the necessary 
reservation as to the consideration of local conditions. 

I have been favouicd by .‘“’imilar information from Messrs. 
Ernest Newell & Co., Ltd., who, while pointing out that primarily 
they are makers of cement plant as distinct from power plant, 
have nevertheless necessarily had a large experience of the nature 
of suitable power plant and the quantity of power normally 
required. 

A few quotations from their •communication may be of 
service. 

” The power required in an up-to-date cement factory is 
something between ij to il h.p. per ton of cement per week, 
i. e. for an output of looo tons the motive power for machinery 
only — that is, exclusive of electric lighting, haulage and quarry 
work— would be something like 1250-1500 h.p., depending upon 
the class of machinery used and ‘the nature of the materials 
which have to be ground.” 

” In the case of large works,' whore water is available and 
where bituminous coal can be bought at a reasonable price, the 
most economical method is to use turbogenerators, whilst in 
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smaller plant, say of 500 tons a week output, gas engines and 
producer plants can be satisfactorily used.” 

I may say at once that I regard the statements as sound. 
The allowance for power is on the liberal side, but there have been 
so many troubles caused by cutting the power too fine that some 
extra capital expenditure will probably be recouped in the long 
run, and it must always be lu'ld in mind that with larger kilns 
and with finer grinding the minimum power which it is safe to 
reckon on must increase. There are several other remarks in 
this valuabk-' letter, giving as it does the views of a manufacturer 
ctf high standing, which may be summarised thus :--'ln a works 
put down so recently as to be unhandicapped by old plant or 
old traditions, the plant installed consisted of two 1500 kilowatt 
alternating current machines, 3 jdiase 50 cycles, provided by 
steam from water tube boih'TS mechanically stoked. The 
importance of excluding dust from the engine-room and the 
motors is also emphasis('d most properly. Those who can 
remernb('r cement works of the olden ty])e, where the engine-* 
room served as a sort of reservoir for all the dust of the works 
which did not go up the; flue or down the throats of the workmen, 
will appreciate this point. It was gent'ral abroad some fifteen 
years ago, but was not so fully recognis(‘d here ; the advance is 
a substantial one. Initial expense of dust collecting was always 
the bogey, but now it is generally rerognis^'d that cleanliness pays» 
On the whole the question of pow’cr plant for cement works 
resolves itself into this : there must be power plant, of whatever 
sort, capable of running smoothly throughout the year of 365 
days, each of 24 hours; in short, the old muddly methods are 
hopelessly out of date. The plant must be certain in its opera- 
tions, as a really good plant is, for the production of such chemical 
materials as aluminium and¥:alcium carbide; nothing short of 
this will do. The old methods of driving, by horizontal engines 
driving any kind of j)lant which was under continual need of 
repair, are obsolete. There comes in here an important economic 
question, that is, the question of labour. Most happily, by the 
ability of the engineer, the labour trouble has almost disappeared. 
1 well remember the time wdicn labourers, working in a mill-room 
where clinker was b('ing ground, used cloths over their noses to 
protect them from the caustic dust in the atmosphere in which 
they had to work. All this is gone, and the present conditions of 
manufacture are wholly different. The proportion of power to 
cost per ton of cement has already been given, and the reasons 
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for its increase have been indicated. There is little doubt but 
the proportion will again decrease, ^ as there is no physical reason 
why clinker should not be ground with an almost negligible 
expenditure of energy. To tear one particle of clinker from 
another truly requires some expenditure of energy, but is small 
compared with the energy put into the material in the act of 
burning. In fact, clinker may be looked upon much as is glass 
in a state of internal stress, which may be disintegrated spon- 
taneously by the action of these internal stresses. Exactly the 
same thing happens when clinker “ falls.” The clinker is reduced 
to dust without the application of any cxtcinal energy. It 
follows that clinker in a state of stress can be ground to the 
relatively coarse powder which we call cement with a minimum 
expenditure of energy. 

I discussed this question with Mr. Davidson of Messrs. Srnidth 
in Copenhagen some ten years ago, and he, as the deviser of the 
tube mill, was disposed to dispute it. I do not know whether I 
-convinced him, but the issue is clear. If the particles of any 
substance hold together, it may be taken that it is so by molecular 
attraction. It is impossible to separate molecular ]mrticles from 
particles by any mechanical means, but the se])aration of large 
pieces, as large as tliose whicli pa.ss through a 200-niesh sieve, 
may be and is so effected. But the expenditure of energy 
necessary for this is negligible, as any one knows who has emshed 
a brittle material such as quartz or diamond. The bulk of the 
energy expended in giinding either clinker or cement raw materials 
is due to the inefficiency of the machines, and 1 suppose that it 
was on this ground that Mr. Davidson and I differed. By 
inefficiency I do not mean any want of mechanical accuracy in 
the mechanism. They are admirable machines. Wliat I wish 
to be noted is that, quite apart from the inevitable expenditure 
of energy in tearing asunder fragments of a mass, there is a much 
larger expenditure of energy in rubbing round the balls in the 
mill and making them impinge upon and break up the pieces of 
clinker which are to be comminuted. Some sage said wherever 
there is noise there is loss, and this applies to all things, including 
ball mills and politicians. Those who have been in a big cement 
miU know that the noise is deafeniUg, but it is only an index of 
the real loss, which can be easily reckoned from the horse-power 
necessary to turn out so much stuff per hour, deducting merely 

1 This was written before the idea of labour being entitled to all profits 
became common. 
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that needed to rend the particles asunder — a negligible quantity. 
Unfortunately this fact is not generally re<~ognised, and, as in 
many other cases, the heat is regarded as irrecoverable because it 
is at a relatively low temperature. It is to be feared that with 
our present physical knowledge, which has not been able to 
provide so simple a thermal machine as an SO2 engine to work 
commcrciall}^ this must be accepted as tme, but that is no reason 
why the problem should not be tackled from the other end; 
that is to say, that a method should be devised to make the 
relatively coarse powder called cement with but little more 
expenditure than is necessary to tear asunder the few molecules 
which are opposed to each other on a given cleavage. 

This idea was clearly in the mind the late Mr. Ransome, 
who shares with Navarro and one or two others the credit of 
conceiving the rotatory kiln as a practical device. In his original 
experiments it is obvious that he expected cement ready ground 
to be producible from slurry ground to the same fineness, and 
thus he hoped to avoid the costly process of grinding. He ; hared • 
the ignorance of the time, which regarded the burning of slurry 
to cement as a kind of ceremony instead of the essential step in 
the proceeding; this was due to pure ignorance of chemistry. 
Quite apart from the many mechanical defects of his plant, the 
fact is plain that he had no proper conception of kiln chemistry. 
All honour to him that he laid a foundation stone for the modern 
method of making Portland cement by the rotatory process. 

Reduction of the total power needed to reduce one ton of 
clinker to its equivalent weight of cement is a pressing problem. 
Something has been done by Mr. Edison in the way of percussive 
rollers, and if clinker were only hard and brittle, these might serve. 
But unfortunat(‘ly it is also tough — extremely tough — and for 
its comminution needs mucii power. Lead is a soft metal, 
mechanically weak, but to grind load to a fine powder is an almost 
impossiole task. It is best to put aside all conventional methods 
and consider the problem on its merits. As far as I know no 
one has tried whether chnker is more or less brittle at a low 
temperature, and correlatively whether there is some higher 
temperature at which the material becomes brittle. In the latter 
case, zinc is an example, for* at the ordinary temperature it is 
fairly tough, and when heated to about 2 50'' C. becomes brittle 
enough to break up in a mortafr. 

A similar line of thought is provided by the case of tin, which 
is tough at ordinary temperatures, and goes to pieces spon- 
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taneously if long exposed to temperatures below freezing-point, 
the two materials being allotropic. It is on such lines that the 
problem should be attacked, it not being accepted that con- 
ventional methods, however good, are final. It would be well 
worth while to make a complete scries of researches on this very 
point. Supposing it were shown that “ Coolth,” as my friend 
James Swinburne says, is thi.‘ remedy for the warmth generated 
by the ordinary friction of grinding, it may well be that the cost 
of " coolth ” will be smaller than the cost of useless warmth. 
The alternative is to utilise the w\irmth, i. c. low temperature 
heat, and at the present time this is not atlcmpted. In point of 
fact the sources of heat in this and other countries are too cheap 
and abundant to encourage any economising ; the whole question 
is considered on a purely £ s, d. basis, and jno\ision for posterity 
is disregarded. This is a sound principle, always provided that 
obviously avoidable W’ast{' is preventtnl. When solar heat is 
taken into account the matter assumes a ditierent aspect. On 
weiy unit of area of the earth’s surface a quantity of energy is 
poured — computed by the- ingenious— but without paying too 
much attention to their calculations it remains certain that the 
total amount is gigantic. Naturally, most of it falls in the 
neighbourhood of the equator, which is just where it is not wanted 
for civilisation, as W'c knov' it. Man has almost conquered land 
and sea, and has very nearly conqueied the air; that conquest 
is certain and near. His next task is to conquer the “ Ether” 
and deflect any rays, whatever length they have, wEether those 
of light or Hertzian, and to deflect them as lu? pleases. This 
done, energy could be switched from the tropics, where it is merely 
wasted on growing useless jungle and is an incentive to idleness, 
to higher latitudes, and used to make a tem])erat(i climate therein. 
Equally the tropical belt would bc'aoine possessed of a temperate 
climate, so that the advantage would be correlative. There 
would probably be a balance which could be used as a source of 
power nearest to the place where the raw materials existed. 
It would be greatly cheaper to shift sunlight power, than to move 
chalk and clay to a source of power. The converse is equally 
true : it is cheaper to move cJjaJk and clay to a waterfall than to 
cart a waterfall to, we will say, Rugby. 

From whatever aspect one regards the comminution of cement, 
one fact stands out, namely, that it is a costly operation, alto- 
gether out of proportion to the result obtained. Tlie same, of 
course, may be said of the grinding of the raw materials, which 
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brings us back to the question, What is the expenditure necessary 
for making properly burnt Portland cement ? The all-important 
item is the decomposition of calcium carbonate and the formation 
of silicates and aluminates of calcium. WTiatever improvements 
are made, that must be reckoned with. In carrying out this 
essential reaction a great deal of surplus heat is produced according 
to present practice. It should be sufficient to run the whole 
plant both lor drying and grinding, and I look forward to the 
time when a cement kiln without means of picking up the 
surf)liis heat will be as obsolete as a blast furnace without a stove 
for heating the blast. 
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WORKS CONTROL 

Under this heading it is usual to consider only the chemica 
control of the various materials used, and this chapter deals 
with “ works control ” in this nai rower sense, and not in the 
broad one of control of works which the title might suggest 
The first thing of importance is that of sampling- and it h 
difficult to over-emphasise this — as bad sampling has caused a 
lot of trouble. The sample must be representative of the bulk 
and it is of little use taking one small pieces of shale from the 
. top of a truck, and saying that it is a sample of the truck load 
particularly if the material is irregular in composition. If the 
materials arc in lumps, several lumps should be taken and 
crushed up. Great care must be exercised in seeing that the 
lumps selected contain the proper prop(ation of any foreign 
matter (veins, etc.) contained in the bulk sample. The crushed 
material is then mixed thoroughly and quartered down,” 
taking care that theic is a proper j)io])ortion of coarse and 
fine. This is then ground, and if the sample is still too largo, 
it is mixed and “ quartered again before the final grinding. 

Because of the importance of obtaining a proper sampde it 
is strongly advisable that the chemi'it should know the raw 
materials at their source, also their nature and the limits oi 
variation, as the precautions to be taken wall depend largc'ly 
on this. If the materials are very even there wall not be much 
difficulty, but if there are small “faults” which arc not 
sufficiently large to reject, the greatest care is necessary. 

Rapid methods, giving reasonable accuracy, arc usually better 
for the purpose of “ works control ” than more accurate but 
slower ones. In this chapter, therefore, the methods stated will 
yield results sufficiently accurate for the purpose, whilst for 
closer work the reader is referred to the methods given in the 
chapter on “ Analysis.” 

Each chemist will be able to say how much work is necessary 
to keep control of his particular materials, and wall arrange 
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. accordingly, but in a general way the number of samples described 
below, with their treatment, will usually be sufficient to maintaitj 
control and furnish all tliat is necessary for the works record. 

The calcareous materials (chalk, limestone, marls, etc.) should 
be sampled from time to time. 

All that is necessary as a matter of routine is the estimation 
of moisture, and then the quantity of carb^mic . anhydride in 
the dried sam]:)le, with an occasional complete analysis as a 
check. 

For moisture, from 10 to 50 grms. of the powdered sample 
is dried for an hour or two in an air bath at 105'' C. to 110“ C., 
cooled in a desiccator, and weighed. If the sample is wet, care 
should be taken to see that as little moistihc as possible is lost 
in grinding, also, as a drying oven is not always available for 
drying, the operation may be carried out on a hot plate or in 
any other convenient way, so long as the drying is thorough 
and the material not overheated. 

The carbonic anhydride is estimated by means of a calcimeter , 
or by titration, both of which are described fully when dealing 
with slurry. The method for analysis is given in the chapter 
devoted to that subject. 

The siliceous materials (clays, shales, etc.) are sampled from 
time to time, and the moisture and combined water estimated, 
and sometimes the silica, alumina and iron oxide, and lime are 
also estimated; occasionally a complete analysis is required. 

The moisture is estimated by drying a weighed portion of 
the sample in an air oven at 105° C. to no'’ C. For combined 
water o'5 or i grm. of the dried sample is ignited at a dull red 
heat for half an hour, cooled in a desiccator, and weighed. 
Instead of the dried sample, the ground undried portion may 
be taken, a collection being, made for the moisture present. 
Should the sample contain pyrites, or iron in the ferrous state, 
this method will not give correct results. If, however, these 
remain constant, the method may be used under “ Standard ” 
conditions, as the error will be more or less constant, but if 
accurate results arc required, the method given in the chapter 
on “Methods of Analysis” (p. 175) should be used. The main 
constituents are estimated by a simple fusion : 0-5 grm. of the 
dried sample is fused with 2 to 3 gnus, of pure sodium carbonate 
in a platinum crucible, the melt, is transferred to a dish digested 
with hot water, and dissolved in hydrochloric acid. When 
solution has been effected, with the possible exception of a few 
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flakes of precipitated silica, the whole is evaporated ‘to dr5mess 
pn a triangle on a hot plate, covered, and baked for an hour. 
The dish is allowed to cool, and the residue digested with the 
hydrochloric acid, diluted and filtered. The silica is washed, 
dried, ignited at full temperature of the muffle for an hour, 
cooled in a desiccator, and weighed. To the filtrate a small 
quantity of bromine w'ater is added, and then an excess of 
ammonia. The whole is digested, just below boiling-point, for 
fifteen to thirty minutes, until the solution has only the faintest 
smell of ammonia, when the precipitate is filtered off, washed 
with hot water, dried, and ignited in the muffle, etc. This 
precipitate will contain all the alumina, iron oxid(' and manganese 
oxide, and the lime and magnesia will be in the filtrate. If 
these latter are small, they can be neglected for the present 
purpose, but if large, the lime is estimated by means of oxalate, 
and the magnesia by phosphate. 

When a complete analysis is required, it may be carried out 
by the method described in the chapter on “ Methods of 
Analysis.” 

Slags . — The estimation of moisture and the occasional estima- 
tion of the main constituents arc all that is necessary, as a 
matter of routine. 

Sand . — An occasional chemical analysis is required. A 
mechanical analysis should be made on each delivery. 

Slurry and Raw Meal . — The main, and perhaps the most 
important, duty v/liich comes under the heading of ” works 
control” is the maintenance of control of the slurry in a wet 
plant, and the raw meal in a dry plant. It is, of course, essential 
that the composition of these should be kept within narrow 
limits, and as they consist of mixtures of two or more different 
materials, the samples should be^taken frequently, in order to 
be able to correct any error directly it occurs. The fineness 
of grinding is of almost as much importance as keeping within 
the narrow limits of composition, and the frequent sampling of 
the slurry or raw meal enables a constant control of the grinding 
to be maintained. The place where the samples are taken will 
vary according to the plant, whether it is wet or dry, etc., and 
the frequency will vary according to the local circumstances 
and output, but if the methods adopted in a fairly large works 
using the wet process, and in aij other using the diy, are stated, 
they will give a clear indication of how the control is maintained. 

In the case of the wet process, two samples are taken every 
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half-hour, one from the wash mill, which is sufficiently early in 
the process to enable any necessary correct’ m to be made, ancf 
the other from the mixing tanks, to sec that the final mix is of 
proper composition. 

vSimilarly in the case of the dry process two samples are taken 
every half-hour, one from any convenient spot giving the average 
of mixed ou1})ut from all mills, to enable any error to be detected 
at once, and the other from any convenient point where the 
final raw product can be taken, which in this particular works 
is the kiln feed. Each sainj)le is examined (i) for its content 
of carbonate, (2) for its fineness, and (3) occasionally a portion 
of each sample taken from one point over some hours is bulked 
and analysed. 

In determining the fineness of grinding of a slurry, a known 
volume, 100 c.c. or so, is taken and washed through a 180 X 180 
mesh sieve, and the residue dried and weighed, also the weight 
of dry material in the same volume of slurry must be determined, 
if it is not already known. The weight of the dry residue which * 
is too coarse to pass the sieve should not be more than 4 % of 
the dry material of the slurry. In the case of raw meal, 100 
grms. is sieved through a 180 x 180 mesh sieve; the residue 
should be as low as possible and not exceed 4 % in any case. 
Fine grinding is essential in order to bring the various con- 
stituents sufficiently close together for them to combine. I'he 
water in the wet process greatly assists in mixing and bringing 
the particles close together, but in the dry process fineness of 
grinding has to be relied on, hence it is still more important 
to insist on fine grinding for the latter than for the former. 

The estimation of carbonate, by means of a calcimeter, etc., 
or any other method, is made more for an index of 
the composition than to give the actual composition of the 
mix. By this means only the quantity of calcareous matter 
(and magnesia) present as carbonate is determined, and any 
calcium silicates present would not affect the estimation, but 
would nevertheless have an important influence on the com- 
position of the cement. As an index, however, this does not 
matter, as once the percentage of carbonate contained in the 
mixture producing the quality* of the cement required is known, 
all that is necessary is to keep the amount of carbonate within 
certain limits of the known figilre to be reasonably certain of 
producing a cement of the same composition. 

In all cases it is necessary to dry the samples before estimating 
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the carbonate. With slurry, it is usual to dry a small quantity 
6 n a hot plate or any other convenient place, but as there is a 
danger of insufficient drtung on the one hand, or of over- 
heating on the other, it is better to do it properly and dry it 
in an air oven at 105® C. to 110° C. 

Although the estimation of carbonate for "works contror’ is 
usually carried out by means of one of the various types of 
calcimetcr, other quick methods, such as titration, may be used, 
so long as the results are reasonably reliable. 

Of the various types of calcimeter only two will be described. 
The first is that due to Dr. Scheiblcr; most of the calcimeters 
on the market are ,but modifications of this. The second is 
Clarke’s, and is one of the latest and most satisfactory calcimeters 
in use at the present time. 

The illustration of Scheibler’s calcimetcr (Fig. 50) shows the 
construction of the apparatus. The principle is as follows : 
The small bottle contains the material to be tested, and also 
' a tube containing hydrochloric acid. When all the corks and 
stoppers are fitted gas-tight, this bottle is giadually tilted until 
the acid flows over on to the material, when the leadily attack- 
able carbonates will be decomposed, with the liberation of a 
corresponding amount of carbon dioxide. This will cause the 
bladder in the next bottle lo expand, and consequently displace 
a certain amount of air outside the bladder, which in its turn 
will depress the water in the large graduated tube. This water 
will flow up into the other tube, which is not graduated, and 
will cause the whole to be under pressure; therefore before a 
reading of the volume of gas is taken it is necessary to let the 
water out of the plain tube until it is level with the water in 
the graduated tube, when the whole of the gas in the apparatus 
will be under atmospheric press'ure. Provided the apparatus 
had been properly set at the beginning, this final reading will 
give the volume of carbon dioxide, less the amount left in solu- 
tion, and with suitable corrections for this, and also for tem- 
perature and pressure, the weight of carbonate can be calculated. 
This apparatus is liable to give erroneous results, owing to 
differences of temperature between the thermometer and the 
graduated tube, and also any variation of temperature of parts 
of the apparatus during the estimation. This has been overcome 
to a large extent in Clarke’s cdlcimetcr by enclosing the whole 
apparatus in a water jacket. This apparatus is illustrated in 
Klo- cr r»rinr*ir»lA ic camp n«; in .Sr.hpibler’s aoDaratUS. 
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in that the gas which is liberated by the action of acid on the 
carbonate indirectly displaces a corresponding volume of waten 
but in addition to the water jacket various other improvements 
have been made. The bladder has been done away with, and a 



Fig. 50.— Schciblcr’s Calcimeter. Fig. 51. — Clarke's Calcimeter. 

coil introduced, the carbon ’ dioxide having direct access to 
the body of the apparatus. The graduated tube is concentric 
with the plain one, which simplifies the levelling process, and 
the fine adjustment of this is further assisted by means of a 
bellows fitted on the stand, which has a screw adjustment. 
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A burette for holding the hydrochloric acid is also enclosed in 
ithe water jacket, so that the acid used may be of the same 
temperature as the rest of the apparatus. 

The method of working this calcimeter is as follows : the 
water jacket, tubes A and B, and the nearly closed bellows are 
filled with water, care being taken to see that no air is left in 
the bellows, and the joints are tested to see if they are gas- 
tight by closing cock N and opening the bellows until there is 
a good difference of head between A and B, when any appre- 
ciable leak will reveal itself, and can be put right. The water 
level is then restored. A weighed portion of the dried material 
(the quantity is indicated in a table) is placed in the bottle J, 
and 10 c.c. of hydrochloric acid (sp. gr. 1-112) is run into the 
tube K, and carefully placed in the bottle, which is tlien closed 
with its stopper, and immersed in the cage in the water jacket. 
As soon as constant, the temperature is taken, and the water 
in tubes A and B is adjusted by means of the bellows and 
cock N, until they are level at the zero mark. The bottle J 
is then taken out and tilted so that the acid comes out slowly, 
and while the carbon dioxide is being liberated, the bellows F 
is slowly opened so as to keep the water in B nearly level with 
that in A. When the reaction is complete, the liquid in the 
bottle is swilled round fci half a minute to expel the excess of 
gas from the super-saturated solution. The bottle is then placed 
in the cage in the water jacket to cool for a couple of minutes or so, 
and the water in A and B is levelled once again and tlie reading 
taken. (If the water jacket is at room temperature, there will 
be no appreciable alteration during the experiment, but if it is 
either warmer or cooler, it will be necessary to adjust to the 
same temperature as when the apparatus was set to zero.) 

The volume of moist gas obtained must now be calculated to 
its equivalent weight of calcium carbonate, corrections being 
required for the pressure, temperature, moisture, and the amount 
of gas in solution in the apparatus. This calculation is prac- 
tically done away with by means of tables supplied with the 
apparatus, which furnish all the necessary corrections. It will 
be understood that all such methods, though useful and necessary 
for works control,"' are not absolute. 

The calcimeter, by the fact that it is used cold, is limited to 
the estimation of carbonates easily decomposed by hydrochloric 
acid in the cold, and hence is not of much use for dolomites, 
or samples where the estimation of magnesium carbonate, etc.. 
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Fig. 50.— Schciblcr’s Calcimeter. Fig. 51. — Clarke's Calcimeter. 

coil introduced, the carbon ’ dioxide having direct access to 
the body of the apparatus. The graduated tube is concentric 
with the plain one, which simplifies the levelling process, and 
the fine adjustment of this is further assisted by means of a 
bellows fitted on the stand, which has a screw adjustment. 
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acts as a safeguard in this method against loss of acid through 
t»oiling. When a strong solution of hydrochloric acid is boiled, 
the acid boils off, leaving the water behind until a certain strength 
acid is reached, when both acid and water will Ivhl off together. 
When a weak solution of hydrochloric acid is boiled, it is the 
water and not the acid which goes off, until this certain strength 
is reached. As in this method the solution which is boiled is 
very dilute, the simple form of condenser, viz. a plain tube, is 
sufficient to prevent hydrochloric acid being carried away with 
the water. 

From time to time an analysis of the slurry should be made, 
and for this purpose equal parts of the half-hourly samples— 
say from the mixing tank — are taken and thoroughly mixed, 
dried and ground. One grm. of this dried material is ignited 
in a weighed platinum crucible for an hour at the highest tem- 
perature of the muffle, cooled in a desiccator, and weighed, this 
giving the loss on ignition. The ignited material is transferred 
• to a dish, broken up with a glass rod, and dissolved in a little 
water and hydrochloric acid as for a cement. If the original 
mixture had been finely ground and the burning properly done, 
there should be practically no insoluble matter, and the analysis 
may proceeed on exactly the same lines as that described for 
cement in the chapter on “ Methods of Analysis.*' If, however, 
there should be a large amount of insoluble residue left, it shows 
that the reaction between the calcareous and silicc'ous materials 
has not been complete, and it will be better to i eject this portion 
and start afresh, taking precautions to sec that the material is 
finely ground and the burning sufficiently thorough. 

The chemical composition of the raw materials will have a 
great influence on the burning of them in the kiln, but as the 
question of burning scarcely coined within the scope of “ works 
control,” it need not be discussed here. As soon as they arc burnt, 
however, they come within the range of the ‘'works control” 
again. The clinker, as it leaves the cooler, is usually quenched, 
and is then conveyed to the mill or to the clinker bank, and it 
is whilst it is on its way to the mill that the regulation of the 
setting time of the finished cement is taken in hand, if gypsum 
is used for the purpose; or whilst it is actually in the mill, if 
the regulation is by steam. The effect of gypsum on the setting' 
time of Portland cement has been discussed in an earlier chapter, 
and this -effect is utilised for slowing the setting time of fresh 
cement by adding i % or so of calcium sulphate, in some form 
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or other, to the clinker before it goes into the mill. This gypsum 
or other form of calcium sulphate is sometimes weighed out a^^d 
fed in by hand, but in the majority of cases it is fed in from a 
fccding-table, and the quantity is regulated to a nicety. This 
property of regulating the setting time is not altogether reliable 
if the cement is likely to be stored, and other methods have 
been tri(^d. The most successful of these methods on a com- 
mercial scale is one due to H. K. G. Bambcr, the method being 
to blow steam into the tube mill whilst the cement is being 
ground, and which apparently hydrolyses some of the less stable 
alurninates as well as slaking any free lime which may be present. 
The steam increases the temperature in the tube mill caused 
by friction during grinding, until it is just below ioo° C., con- 
se(]uently the cement docs not become wet in the ordinary 
sense, but leaves the mill in the form of a dry powder containing 
about I % of water. The setting time is considerably retarded 
by this process, and further regulation may be made by small 
quantities of gypsum. In addition to this, the steaming process 
appreciably improves the soundness of the cement. 

Control of the finished cement is maintained by testing samples, 
taken from the mill spout every half-hour or so, for fineness and 
setting time, and also by bulking the samples and testing for 
soundness every four hours or so, and making a complete 
test for tensile strength and analysis every twelve hours. The 
frequent testing for fineness and setting time allows of the early 
detection of any change due to overrunning in the case of the 
tube mill, or to a broken screen in mills which use screens, 
and also of any alteration in the quantity of gypsum, etc., 
necessary to obtain the desired setting time. The less frequent 
tests for soundness and tensile tests are made on the fresh 
unaerated cement, and because the cement has not had time 
to '' ripen,” these tests may be looked upon as very stringent, 
and if the cement passes them, the probability is that the cement 
will be still better by the time it is used. 

The above analyses and tests are made for the purpose of 
“ works record,” and are carried out by the methods described 
in the chapters on “Analysis” and “Testing,” but when a 
“ parcel” of cement is sold ‘it is usual for it to have to comply 
with the requirements of the British Standard Specification, or 
occasionally a modified Specification, and for this purpose a sample 
is taken from the “ parcel” as distinct from a sample from the 
mill spout, and is tested in strict accordance with the specification. 
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The “parcel” of cement is sampled by hand or by some 
i^echanical device. For sampling by hand, holes are dug in 
various parts and a small quantity of cement is taken from 
each hole and mixed. The mechanical devices are many, of 
which three examples may be given. The first is on the prin- 
ciple of the Archimedean screw, whereby portions of cement arc 
brought up from various parts of the heap, and then bulked. 
The second is by means of a hollow rod sealed at the bottom, 
but having a little hinged door two or three inches from the 
end. This rod is pushed into different places of the heap with 
a slight twisting movement to keep the door closed, and when 



Fig. 52. — Ctimenl Sampler. 


sufficiently far in, the rod is twisted in the opposite direction 
and the door opens, letting in the cement, when the door is 
closed by a twist in the opposite direction, and the rod con- 
taining the cement is withdrawn. ^The third method is perhaps 
the most satisfactory, and depends on a vacuum for drawing 
up the cement. The apparatus, illustrated in Fig. 52, con- 
sists of a vacuum chamber a, connected with a pump h, or other 
means of obtaining a vacuum, and a set of screwed tubes c, 
together with a flexible connection d, between the chamber and 
the sampling tubes. A man-hole is provided at the top of the 
drum for emptying. The sampling tube is pushed into the 
cement to any desired depth, and, on pumping out the air, 
the cement flows into the drum,* this can be repeated at any 
number of places in the heap. Experiments have shown that 
the sample taken by this mctliod is truly representative of the 



WORKS CONTROL 123 

bulk, and contains the true proportion of coarse and fine 
cement. ^ 

There arc various other materials, such as coal, water, oils, 
etc., which come within the scope of “ works control," and which 
have to be examined. 

Coal. — I'hc coal, as it arrives, is sampled so as to represent 
the bulk, and this sample is broken down — not ground — till it 
will pass through a 30 x 30 sieve, and examined for its moisture, 
ash, volatile and fixed carbonaceous matter, calorific value, and 
sulphur content. 

The composition of coal is such that no definite point can be 
obtained wliich will give the (^nd of the evaporation of moisture 
and the beginning of loss of volatile matter, so it is necessary 
to fix some arbitrary conditions for carrying out the estimation 
in order to get anything like concordant results. A similar sort 
of thing occurs with the determination of volatile and fixed 
carbonaceous matter, and so for both of these estimation^ 
standard conditions have been evolved and are generally 
accepted. 

For moisture, i grm. of the powdered coal is weighed into 
a crucible, and dried for exactly one hour in an air bath at 
104'' C. to 107° C. In the case of the coal being wet, the mois- 
ture should be detennined on a coarsely crushed sample as well, 
and if more than that of the fine coal, as it probably will be, 
all other determinations made with the fine coal should be 
corrected accordingly, if accurate results are re(]uircd. 

For volatile and fixed carbon, i grm. of the undried powdered 
coal is weighed into a large platinum crucible, fitted with a 
close-fitting lid, and weighing from 20 to 30 grms. The crucible 
is placed on a platinum triangle and supported above a large 
Bunsen burner, capable of giving a flame at least 20 cm. high. 
The bottom of the crucible is to be from 6 to 8 cm. above the 
top of the burner, and the crucible and contents are to be 
heated exactly seven minutes with the gas full on in a place 
free from draughts. The lower part of the lid will be found 
covered with carbon, and this should be allowed to remain, but 
the upper part of the lid should have been burnt clean. The 
crucible is cooled and weighed, and the difference in weight, 
less that due to moisture, gives the amount of volatile car- 
bonaceous matter. The residue in the crucible consists of fixed 
carbon and ash, and by deducting the weight of the ash, which 
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is more easily obtained on another portion, the amount of fixed 
carbon is obtained. 

For ash, the portion used for the estimation of moisture is 
taken and ignited in an open crucible over a Bunsen burner, 
at first very gently, and increasing the flame as the ignition 
proceeds. Wlien the carbon has been completely burned off, 
the ash is cooled and weighed. If the ash is very large it may 
enclose carbon. This may be detected by moistening with 
alcohol, when any carbon which remains will show up, and may 
be readily burnt off. 

(The importance of burning off gently at the beginning of 
the estimation may be explained by the fact that the coke 
which is formed when coal is gently coked is much more easily 
burnt off than the dense coke formed by quick coking, such as 
that obtained from the estimation of volatile carbonaceous 
matter.) 

The calorific value of a coal is estimated by tlic complete 
.combustion of a weighed quantity of powdered coal under such 
conditions that the quantity of heat generated can be measured. 
The most accurate way of doing this is by burning the coal in 
oxygen in a bomb .specially constructed for the purpose. A 
.Mahler calorimeter (Fig. 53) consists of a bomb B, made of 
toughened steel having a platinum or enamelled lining, a copper 
water bath D for same with stirrer S, and an outer bath A, 
also containing water, which is insulated outside by thick felt and 
from the inner bath by a light wood framework. The bomb has a 
cap which is screwed on with a strong thread and is made tight 
by means of a lead w^ashcr in a proper seating. The cap is fitted 
with two rods, made of platinum, one supporting the capsule C 
containing the coal, and the other, E, insulated from the cap, is 
used for firing the coal. The cap, also contains a screw-down 
valve in the centre, for admitting oxygen, a sheet of mica just 
inside the cap protects the valve, and also serves to break up the 
current of gas. This valve is perhaps the weakest .spot in the 
apparatus, as during the explosion any nitrogen present is 
oxidised to nitric anhydride, and the nitric acid thus formed' 
attacks the metal of the seating and plug. This necessitated 
constant re-grinding, until the cause was discovered, when the 
simple expedient of running a few c.c. of standard sodium 
carbonate solution into the bomb, and swirling it round to 
moisten the walls, entirely overcame this difficulty. The sodium 
carbonate neutralises the acid formed, and incidentally allows 
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of a proper correction being made for the oxidation of nitrogen 
and sulphur, by titrating the amount of sodium carbonate left, 
and then calculating the heat of formation of the acids which 
have neutrahsed the known quantity of sodium carbonate. 

The method of procedure is as follows : i grm. of the undried 
powdered coal is weighed, and transferred to the capsule which 
is supported from the cap. Four inches of thin iron wire (of 
which the weight is known) is taken, and its ends arc twisted 
round the two rods in such a way as to form a loop which dips 



Fig. 53. — Mahler Bomb Calorimeter. 


into the coal, and at the same time make a conductor between 

tlie two rods. Ten c.c. of sodium carbonate solution is run 
2 

into the bomb, swirled round the walls, and the cap screwed 
on, care being taken that none of the coal is upset. The bomb 
is then filled with oxygen to 25 atmospheres, the valve is closed, 
and the whole immersed in the inner water bath, which has 
previously had 2 litres of water poured in. The bomb should 
be so gas-tight that no bubbles of gas escape. A thermometer, 
having a range of about 10° C., and graduated in of a degree 
and readable to iihmcrscd in the bath, and held in 

position by a clip provided for the purpose. The water is kept 
in motion by the stirrer until the temperature remains constant, 
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or, to save time, until the rise or fall is so regular that a correction 
<;an be applied. The temperature is recorded and the coal fired by 
passing a current, from an accumulator or some other suitable 
source, through the two rods, of sufficient energy to heat the iron 
wire to firing-point, which in turn ignites the coal. Whilst this 
is going on, the water should be stirred continuously, and the 
temperature noted at the end of thirty seconds, and the next 
thirty seconds, after that, every minute until it attains its 
maximum, and reaches a regular rate of falling. After correc- 
tions have been made for the regular cooling or heating of the 
apparatus, the difference between the temperature at the moment 
of firing and the highest temperature reached yields a figure 
which, when multiplied by the constant for the calorimeter, 
gives the number of calorics evolved. From this the calories 
evolved by the oxidation of the iron, nitrogen and sulphur have 
to be deducted, the balance being the value of the coal in 
calories. If this is multiplied by i’8 it will give value in terms 
of British Thermal Units, or, if divided by 536, in terms of water 
evaporative power, at 212 ° F. The constant varies with each 
calorimeter, and can either be calculated from the weights of 
the various materials used and their specific heats, or by direct 
determination of some material of definite calorific value, such as 
naphthalene. 

This method is, however, unnecessai ily elaborate for the 
ordinary routine of a works, and may only be required in 
cases of dispute. A much simpler calorimeter, which enables 
estimations to be made quickly and with sufficient accuracy 
for ordinary works use, is that devised by Roland Wild, and 
which is illustrated by Fig. 54. It consists of a combastion 
chamber with a screw cap and arrangement for firing a mixture 
of fuel and sodium peroxide, the whole of which is immersed 
in water contained in a copper bath, which in turn is enclosed 
in another vessel forming an air bath. The fuel is ignited by 
electrical means, or by dropping a piece of red-hot nickel on 
to the fuel through an aperture made for the purpose; the 
water is kept stirred and the rise of temperature noted. The 
quantity of water used is such as will bring the " constant of 
the apparatus to 1000 for British Thermal Units, which simplifies 
the calculation. The thermometer is graduated to jV F., and 
can be read to or less. The rise in temperature in degrees F. 
multiplied by 1000 gives the value of the coal in British Thermal 
Units, and if this be divided by 965, the value in terms of 
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evaporative power of water at 212° F. will be obtained, or if divided 
by 1*8 it will give the value in gramme-degree calories. 

Sulphur . — Should it be necessary to cstinidte the quantity of 
sulphur present, it can be done by a modified foi*m*of the 
Eschka method : i grm. of finely powdered coal is mixed with 
I grm. of magnesium oxide and 0*5 grm. sodium carbonate, 
transferred to a platinum crucible, and ignited over an alcohol 
or petrol burner — not gas— at first gently and then at a higher 
temperature, until all the carbon has been burnt off. This is 
greatly facilitated by stirring with a platinum wire. The residue 
is transferred to a beaker, and boiled for a few minutes with 
15 to 20 c.c. saturated bromint* water diluted to about 60 c.c. 
The solution is allowed to set lie, the clc^fr liquor filtered off, 
and the residue boiled again with water and filtered off into 
the same beaker, dlie combined filtrate is acidulated with a 
couple of c.c. of hydrochloric acid, boiled till all the bromine 
has been expelled, and 10 c.c. of barium chloride solution is 
added, the whole boiled for three to five minutes, and 
allowed to stand for a couple of hours, when the precipitate of 
barium sulphate may be filtered off, washed, dried, ignited, and 
weighed. 

If the solution shows any sign of throwing down flakes of 
silica whilst boiling off the bromine, the solution should be trans- 
ferred to a dish, evaporated to dryiu'ss, baked to render the 
silica insoluble, the residue digested with a little hydrochloric 
acid and water, filtered, and the filtrate treated with barium 
chloride as before. If the coal contains much pyrites or calcium 
sulphate there is a danger of leaving some of the sulphate in the 
magnesia residue. To remove this risk, the residue should be 
dissolved in hydrochloric acid, diluted, and tested with barium 
chloride. . 

Water . — It is sometimes necessary to examine the water in 
use on a cement works, especially if it has to be softened for 
boiler purposes. For this purpose little else is required beyond 
the total solids, hardness, alkalinity, and mineral analysis. 

For total solids 50 or 100 c.c. of water is run into a weighed 
platinum dish, evaporated on a w^ater bath, dried in an air oven 
at 105"’ C., cooled in a desiccator, and weighed. Owing to the 
hygroscopic nature of the residue, quick weighing is essential, 
and if nc( 3 essary the solids are dried and weighed again. 

Hardness is estimated by taking 50 c.c. of water (or if very 
hard, a smaller quantity is taken and diluted to 50 c.c.) in a 
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well-stoppercd bottle of about 250 c.c. capacity, and adding 
standard soap solution by a c.c. at a time, followed by shaking, 
until the lather fonned remains for five minutes without break- 
ing down. The soap solution is .so standardised that i c.c. is 
equivalent to i degree of hardness on 50 c.c. of solution taken. 
A test on distilled water should be made to find the quantity 
required to produce a permanent lather on pure water, and 
this amount (usually about 07 c.c.) should be subtracted from 
the figure obtained for ordinary winters. 

There are various modifications of this process as to quantities, 
special methods for temporary and permanent hardness, and 
fine corrections for other irregularities which are detailed in 
textbooks devoted to this subject, but the method given above 
is sufficiently accurate for all ordinary purposes of works 
control.’' 

The alkalinity is estimated by titrating 500 c.c. of water with 
N 

- hydrochloric acid, using phenolphthaleiri as an indicator. 

. This is chiefly used for testing softened waters. Further titration 
N 

of the same water with ^ hydrochloric acid, using methyl orange 

as indicator, will give the amount of carbonate present. For 
the estimation of mineral constituents, 500 or 1000 c.c. of the 
water is evaporated to dryness with a little hydrochloric acitl 
in a dish, covered, baked and analysed by the same mctliod as 
described for cement in the chapter on " Methods of Analysis.” 

Oih . — The oil used for lubricating, etc., will need to be 
examined, but, generally speaking, all that is necessary is the 
determination of the specific gravity, viscosity, flashing point, and 
test for mineral acidit}^ 

The specific gravity is usually determined by means of a 
specific-gravity bottle. This bottle has a drilled stopper, and 
the content, when filled to the top of the hole in the stopper, 
is calibrated by means of pure water at the temperature required, 
usually 60“ F. The dry bottle is filled to the top with oil, 
cooled to the proper temperature, and the stopper forced in, 
the oil which overflows through the hole in the stopper being 
wiped off at once (any more oil .which comes out because of 
expansion not being touched), and the bottle quickly wiped and 
weighed. The difference between this weight and the weight 
of the bottle is the weight of, oil which occupies the known 
content of the bottle, and by dividing the weight of the oil by 
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that of the water content, the specific gravity of the oil is 
obtained. 

Viscosity , — There are various types of vi? .ometers or viscosi-* 
meters, all of which are purely arbitrary, and usually set against 
standard rape oil. The one in general use in this country at the 
present time is that devised by the late Sir Boverton Redwood 



Fig. 55. — Redwood’s Viscometer. Fig. 5O. — Redwood’s Viscometer. 


and illustrated in Figs. 55 and 56. The apparatus consists of an 
inner chamber, having a hole, of definite diameter and shape at the 
bottom which can be closed by means of a rod and ball, surrounded 
by a jacket forming a water or oil bath, which is fitted with a 
heating arrangement, stirrer, and a draw-off tap. In order that 
the hole in the inner vessel ma^ remain of the same diameter, 
and also present as little friction as possible, it is drilled through 
a piece of agate. The bath is filled with oil or water, and when 
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heated to the proper temperature, the oil to be tested, previously 
heated to the required temperature, is poured into the inner 
Vessel up to the ring on the wall, after the thermometer and 
closing* valve are in position. When the oil has attained the 
correct temperature the valve is opened and the oil allowed to 
flow into a flask calibrated to hold 50 c.c., and the number of 

seconds required to fill the 
flask to the mark is the viscosity 
figure. There arc various fine 
adjustments to be made to this 
figure for very accurate work, 
but in the ordinary way only 
the actual seconds are stated. 
It is important that the inner 
vessel should be filled exactly 
to the mark, and that the tem- 
perature of the oil be main- 
tained to within iialf a degree 
Fahrenheit through the deter- 
mination. 

Flashing-poinl , — This is also 
an arbitrary figure, and standard 
apparatus must be used for the 
purpose. The Pensky-Marten 
ajiparatus shown in Fig. 57 is 
used for oils having a flashing- 
point above 100^ C. The Abel 
apparatus shown in Fig. 58 is 
used for light oils, and the 
apparatus without the water- 
bath, Fig. 59, is used on a 
Fig, 57. I’en sky -Marten Plash- sand-bath for heavier oils. The 
tes ppara us. tested is poured into 

the inner vessel up to the mark, and the vessel closed, and 
heated up to about 20'’ below the flashing-point, when the gas 
is so adjusted that the increase is not more than 5° C. per minute. 
From time to time a small flame is placed at the mouth of the . 
aperture, made by moving a slide in the lid, and when the ; 
space above the oil contains sufficient inflammable matter 
flash” the temperature (flashing-point) is noted. 

Mineral Acid . — It is not often that free mineral acid is foun^ 
in oils, but the test is so easily made that it is advisable to 
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carry it out as a matter of routine when testing oils in order 
to detect any acid which might occasionally be present. All 
that is necessary is to put about lo c.c. of oil in a test tube, 



Fig. 5g.j-;Abel Flash-test Apparatus. (Inner Vessel.) 


shake it up with about an equal quantity of water, pour off the 
oil, and add a small drop of methyl orange solution to the 
aqueous extract. Any mineral acid present will colour the methyl ‘ 
orange pink. 


CHAPTER VII 


TESTING 

From the earliest days of the manufacture and use of Portland 
cement, it has been recognised not only to be essential but abso- 
lutely necessary that a strict control shojild be kept upon the 
quality of the cement before use. Man^ and varied are the tests 
which have been devised for the purpose, and while some of 
these have been really useful and remain in principle to the 
present day, many have fallen into disuse as their value has been 
proved to be a negligible quantity. 

It was recognised quite early that the most important property* 
of Portland cement was its strength; one of the earliest tests, 
introduced in 1830 by Major-General Pasley, R.E., with a view 
to determining the strength, of mortars, consists of cementing 
bricks against a wall, one at a time, allowing the mortar to harden 
and cementing a second brick, and so on, to form a projecting 
beam. The cement which would carry the greatest number of 
bricks was taken as the best. 

Vicat in 1828 devised his apparatus for determining the harden- 
ing of cement. The needle used for determining the setting-time, 
according to the British Standard Specification, is a modification 
of his original apparatus. 

Very little real work was done in testing until 1858, when 
John Grant commenced a sefies of tests in connection with the 
construction of the London main drainage works. The present- 
day testing is mainly based on the principles established about 
this time, which consisted of tensile tests, pats for soundness and 
setting-time, fineness of grinding and weight per bushel. 

Grant also carried out a good deal of experimental work in 
connection with the most suitable shape of the test-piece for 
tensile testing, and the most suitable clips for holding the 
briquette. The following extract is taken from a paper read 
by Mr. Grant before the Institulion of Civil Engineers in 1880 ^ — 
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Forms of Briquettes , — ^For testing cement perhaps no point 
fe of greater importance than the size and shape of the briquettes, 
and the kind of clips used in breaking them. 
As stated in his first paper, the author, in January 
1859, adopted the form shown in Fig. 60, which 
had been in use for some years in France and 
England ; but it was soon found to be capable of 
improvement, as the briquettes of this form broke 
with much irregularity. This was due partly to 
the imperfect shape, with sharp angles, and partly 
to the fact that the briquettes had to be pressed 
Fig 6o^]F^rly moulds, which were in one piece, by 

type oi Clip. a press devised and made by Mr. Adie. In the 







Fig. 61. — Types of Clip? and Moulds. (Grant.) 


process of removing them from the moulds, the briquettes 

oecasionallv fret <;trainpd and r.rarked at the anprlpq. these 
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imperfections not being always perceptible at the moment. 
The moulds were afterwards made to open in the middle an^ 
the small press was dispensed with. The form still seemed 
capable of improvement, and further experiments were made, 



Fig. 02.--Form of Briquette adopted by (xrant. 




which will be best understood by reference to the type shown 
in Fig. 61, which also shows various arrangements of the 
moulds intended to ensure accuracy, facility in use and economy 
.1,' ^ of material. All tests have been 

made since 1876-77 with briquettes 
of one or other of the two forms 
shown by Figs. 62 and 63. The 
» fiddle-shaped form of briquette 
showm by Fig. 64 is that which 
has been adopted as the standard 
form in Germany. It has a break- 
ing area of 5 square 
centimetres (2*25 x 2*22 
centimetres). Being 
small, it is well adapted 
for making briquettes of 
great density with very little •trouble : but the shoulders seem 
too wide for the waist, and the little nick in the latter must 
have a tendency to produce cracks, and to make the briquettes • 



Fig. 63 — Form of Briquette 
adopted by Grant. 


8 

Fig. 64. 
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break prematurely. A briquette of lo square centimetres area 
^would be equal to 1*55 square inch. Since the author has used 
the small machine and the briquette of i square inch (Fig. 63), 
his confidence in the accuracy of both, even for experimental 
purposes, has increased. Some comparative experiments made 
with it and the larger briquettes of in. x in. have been 
made, with the result that for testing cement the i inch briquette 
is as accurate as the other. The cement required to make one 
briquette of neat cement of the larger size (i| in. x i| in., 
Fig. 62) will make five of the small (i in. x i in.. Fig. 63). 




” Moulds . — Some of the different kinds of moulds which 
have been used are shown by the above figures. Those now 
used arc shown by Fig. 65. Comparative tests or experiments 
should be made with briquettes of the same size, shape and 
proportions. 

** Intimately connected with the shape of the briquette 

was the form of the clips by which they were held when being 
broken. For many years every attempt to improve them was 
in the direction of making them fit more exactly to the shape 
of the briquette, and, by means »of knife edges, ball and socket ’ 
joints and other contrivances, to get rid of all tendency to 
distortion; after numberless experiments the form shown on 
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Fig. 66 was found to be as nearly as possible free from 
error. The clips touch the briquette only at the lips, which are 
curved in both directions, and are, in fact, blunt, rounded points 
which allow of perfect freedom of action when the strain is Applied. 
This form of clip has been used in every case with briquettes of 
the forms shown by Figs. 62 and 63. 

“ Effect of Improved Form of Briquette, Clip, etc . — The effect 
of the improvements in the mode of filling the moulds, in the 
form of briquettes, in the clips, and 
in the mode of testing, has been 
materially to increase the apparent 
strength of the cement tested. No doubt 
great improvement has been made in 
the manufacture of cement of late years. 

Still greater is certain yet to be effected ; ^ 
but allowance must be made for the 
higher results now obtained by more 
accurate testing, when comparing the 
later with the earlier tests and require- 
ments of engineers,” 

A specification for the cement to be used on an important piece 
of work carried out in 1884 may be quoted as being an indication 
of what was regarded as the requirements of cement for a first- 
class job. 

” The Portland cement must be of the best quality supplied 
by a firm to be approved by the engineer. It must be of good 
dark grey colour, unifomily burnt and finely and evenly ground ; 
samples taken from different portions of the heap must show that 
it weighs on the average at least 1 16 lbs. per striked bushel in its 
dry, uncompressed state. Should a sample from any portion of 
the bulk submitted for test weigh less than 114 lbs. per striked 
bushel in its dry, uncompressed state, the whole parcel will be 
rejected. Sample test briquettes of a shape to be approved by 
the engineer, having a minimum section of in. x il- in., 
must be made from the bulk of the cement after delivery on the 
works. They are to be placed in water 24 hours after gauging, 
and remain there until they are to be tested, and must bear at 
least the following tensile strains in one of Adie's testing- 

* The accuracy of this prediction indicated Grant’s full insight into 
the question. 



Fig. 66. — horm of Clips 
adopted by Grant. 
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machines fitted with the patent self-acting weight-traversing 
apparatus — 

. Per block. 

48*ours after gauging, inclusive of the 24 hours 
which the blocks are to be kept out of water . 350 lbs. 

4 days 500 „ 

7 days 750 „ 

“ The inspector will gauge the sample briquettes with so much 
water and in such a manner as he may think fit, and the briquettes 
are also to be broken by him. The contractor or his agent may 
be present at the time of gauging the sample briquettes and 
when they are subsequently tested. 

The inspector wifi also test pats made from the cement under 
trial, either by warming and watering them, or in any other 
manner which the engineer may deem necessary, with a view 
to determine whether the cement contains an excess of lime. 
He will likewise examine the fineness of the cement by taking, 
samples from the bulk and passing them through a sieve having 
2500 meshes to the square inch; in the event of more than io% 
by weight of the samples being stopped by the sieve, the cement 
from which the said samples shall have been taken will be rejected 
and will not be allowed to be used in the works. The weight 
of the cement per bushel is to be ascertained by the inspector, 
who will slowly fill the measure through a hopper having an 
approved rectangular distnbiiting shoot at the bottom of the 
same, the height or drop from the bottom of the hopper to the 
top of the bushel measure being i8 in., the cement to pass in 
thin films between the inside of the hopper and the outside faces 
of the distributing shoot. A drawing of the hopper will be 
furnished to the contractor by the engineer. The contractor 
is to provide the necessary testing-machine and such moulds, 
plates, water tank, hopper and other apparatus as the engineer 
may consider requisite for the convenient and efficient testing 
of the cement, all such testing apparatus to become the property 
of the authority and to be handed over to their representative 
on the completion of the contract in good order. 

No cement will be accepted which, having regard to the fore^ 
going tests and conditions, is, in the opinion of the engineer, or 
ins^ctor, too quick-setting, or that is over-limed and likely 
Merwards to fly in the work : ndther will any cement be allowed 
jro be used unless it complies with the above stipulations in all 
respects, and has been approved by the engineer or inspector. 
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The cement is to be stored in bulk in the shed alluded to 
under the head of Temporary Works, Clause 33 ; each respective^ 
consignment is to be kept separate by timber partitions. The 
cement is to be emptied from the sacks directly it arrives'on the 
works, and must be bulked and spread out so as not to be more 
than 3 ft. 6 in. in depth. It is to remain in store at least 
four weeks before being used, or longer if the engineer or 
inspector should so desire : during this time it shall be turned 
over once at least. 

“ The contractor shall provide all labour and cement necessary 
for making such tests as the engineer or inspector shall direct. 
Any cement which has been rejected or which may have been 
damaged by rain, damp or exposure, s^^all be removed at once 
from the works.’* 

Specifications were drawn up by every engineer who had a 
piece of work to carry out, and with such different requirements 
that the manufacturers were often in great difficulties in en- 
deavouring to comply. Occasionally, clauses were inserted \/hich 
were contradictory in themselves. Many tests, too, have been 
devised as short cuts, such as the “ Marmalade pot test,” which 
had for its object the determination as to whether the cement 
contained any “ free lime,” and was therefore likely to be unstable. 
The test was to stir up a quantity of the sample with water in a 
pot, and insert a thermometer. If there was a rise in temperature 
beyond a certain limit, the cement contained “ free lime,” and 
was therefore unsound. This class of test, together with many 
others equally useless and unreliable, has been banished. The 
need for a standard specification applicable generally was long 
felt by all, users and manufacturers alike, but it was not until 
1904 that the first British Standard Specification appeared. 
This was by no means an ideal specification, but may be regarded 
as a very fair attempt to meet the general conditions. It must 
be borne in mind that while many works could at this date 
comply with all requirements of the specification, there were 
many of the smaller works who were hard put to it to produce 
cement approaching these requirements, especially with regard 
to soundness and fineness. 

A word may be said here* with regard to the soundness test 
which was introduced into this specification. The test — i, e. the 
Chatelier test — met with much* adverse criticism. The method, 
however, had been in use in the author’s laboratory for a con- 
siderable period for comparison with the methods then recognised, 
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during which time it had proved itself to be not only a reliable 
,test for detecting unsound cement but a test easy of manipula- 
tion, even in inexperienced hands, and, being a test based upon 
actual measurement, it is easier of interpretation tlian a doubtful 
pat. The following figures may be cited as an indication of the 
readiness with which the British manufacturers came into line 
with the specification. The figures are expressed in per cent, on the 
samples passing through the author’s laboratory for examination. 

Per cent, above British Standard Specification. 

Before B. S. S. 


introduced 

1903 

31*5 





1904 

30*0 

Expansion not to 

exceed 12-0 mm. 


1905 , 

177 



>* »> M 


190b 

15-8 




To June 

1907 

15*7 



•I t> tt 

,, Dec. 

1907 

237 

ff f9 


lO-O ,, 


1908 

9'4 





1909 

7-6 

>> >1 




1910 

07 

»> >» 




1911 

3*2 

ft 


,, >1 M 


1912 

4’3 

f» ff 

,, 



1913 

67 

ff tf 

,, 



1914 

87 

ff ff 

M 

.J •> M 


It will be convenient to take the tests as specified in the British 
Standard Specification and deal with them scriaiim, the current 
British Standard Specification being the fourth issue and published 
in March 1915.^ 

Test for Fineness 

“The cement shall comply with the following conditions of 
fineness : 100 grms. of cement shall be continuously sifted for a 
period of 15 minutes on each of the under-mentioned sieves and 
in the order and succession given below, with the following 
results ; — 

(1) The residue on the sieve, 180 x 180 — 32,400 meshes 

per square inch, shall not exceed 14 %. 

(2) The residue on a sieve, 76 X 76 = 5,776 meshes per 

square inch, shall not exceed i %. 

The diameter of the wire for the 180 X 180 mesh sieve shall be 
•0018 in. and that for the 76 x 76 sieve, *0044 in. The wire 
cloth shall be woven (not twilled), the cloth being carefully 
mounted on frames without distortion.” 

« 

^ The abstracts from the British Standard Specification for Portland 
cement (Report No. 12, 1015) on this and subsequent pages are made by 
kind permission of the British Engineering Standards Association. 
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Xhe 1904 specification allowed a residue of 22 J % on the 180 x 
180 sieve and 3 % on the 76 x 76 sieve, while the 1907 spetifica- 
tion reduced the permissible residue to 18 % on the 180 X 180 
sieve, that on the 76 X 76 remaining the same. No alteration 
was made in the 1910 revision in respect of fineness. 

In the days when the material as it left the burr stones was 
the finished product, the user had to be content with a material 
which left a residue approaching 25 % on a 50 X 50 sieve, and at 
that date this was considered to be a very creditable perform- 
ance as far as the manufacturer w^as concerned, and probably 
it was, considering the plant at his disposal. But when we take 
into consideration the function of the cement and consider the 
relation of the fineness of grinding to that fanction, it is evident 
that something better would be speedily required of the makers. 
Specifications were soon drawn up demanding finer grinding, 
and the manufacturer soon began to demand new devices for 
grinding. With the gradual introduction of good grinding 
machinery, the difficulties have been overcome and a nuch 
better product of much greater cementitious value is now to 
be obtained. 

Speaking generally, tlie finer the material is ground, the greater 
its cementitious value, ft is well known (hat thc' residue caught 
on the 76 X 76 sieve has no setting properties, and therefore it 
is desiral:>le as far as possible that the whole of the cement should 
pas^ this sieve. The cementitious properties of the finished 
cement is very largely determined by the percentage of “ flour ” 
present. 

Many attempts have been made to determine the '' flour” in 
cement with moix' or less success, and as no method has as yet 
bi'cn standardised, nor any definition as to what shall be regarded 
as fkair," there is not much need to record here the many efforts. 
One reason which may account for the adhesion to the older and 
better-known methods of sieving is undoubtedly their simplicity 
of manipulation. The day may come when we shall be buying 
cement much as coal is bought in large quantities — that is, upon 
its actual value to the user (calorific value in the case of coal). 
Then we shall have a sliding scale according to the “ cementitious 
value,” based upon the percentage of sand the cement will hold 
together and give a certain tensile strain. Some such method 
appears to be the only rational basis of purchase. Of course, 
other tests would be applied to cement to determine its 
suitability or otherwise for a particular piece of work. 
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Fig. 67. — Specific Gravity Flask. 


Test for Specific Gravity 

The British Standard Speci- 
fication requires that — 

“ The specific gravity of the 
cement when presented by the 
manufacturers for testing shall 
be not less than 3*10/' 

Various methods have been 
devised to facilitate the deter- 
mination of the specific gravity 
of cement. There is no need to 
go into these in detail ; the one 
most recently devised, and 
recommended by the Standard 
Committee (sec Fig. 67), is easy 
to handle, and requires a single 
piece of apparatus only. It 
consists of a flask, the bottom 
bulb of which shall hold not 
less than 100 c.c., with a short 
scale which can be read off to 
give the zero. The neck of the 
flask carries a bulb and the neck 
is graduated from the zero so 
that the exact volume of the 
known weight of cememt added 
can be measured. 

The method is as follows : — ■ 

A sufficient quantity of previ- 
ously dried paraffin oil or 
turpentine is filled into the 
flask in such a manner that 
the bulb and neck are not,> 
‘'wetted.'’ The flask is then*-' 
immersed in a water bath, ^ 
preferably at the laboratory 
temperature, and allowed to 


^ become constant in tempera- 
ture, the temperature being noted. The volume is now accurately 


read off and noted, there being no need for the volume to be at 
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zero, addition or subtraction being made to the final rea^ng ; 100 
grammes of the sample are now filled into the flask by means of 
a short-stemmed funnel. The whole is shaken to eliminate air* 
bubbles, then placed again into the water bath and brought back 
to the original temperature, the volume read off, and the necessary 
corrections made. Divide the weight of cement taken by the 
volume, and the result is the specific gravity. 


Tensile Strength [Neat Cement) 

The British Standard Specification requires that — 

The breaking-strength of neat cement shall be ascertained 
from briquettes of the shape shown in Fig. 68. 

L 175 ins j ^ 

r 

Approt 

-JTI (2S4mni) 


3 00 ms. 
(7620mm ) 



Fig. 68. — Standard Briquette. (Dimensions.). 


“ The briquettes shall be prepared in the following manner — 
" The cement shall be mixed with such a proportion of water 
that the mixture shall be plastic.whcn filled into the moulds used 
for forming the briquettes. 

** The cement, gauged as above, shall be filled into moulds of 
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the form required to produce briquettes of the shape shown in 
Fig. 68, each mould resting upon a non-porous plate. In filling 
, ^:he moulds the operator's hands and the blade of the ordinary 
.gauging trowel should alone be used. The trowel should weigh 
about ozs. No ramming or hammering in any form will be 
permitted, nor shall any other instrument or apparatus other 
than the trowel before described be employed for this operation. 
The moulds after being filled may be shaken to the extent 
necessary for expelling the air. 

• ” Clean appliances shall be used for gauging, and the tempera- 
ture of the water and that of the test-room at the time that the 
above operations are being performed shall be from 58® F, 
to 64° F. 

The briquettes shall be kept in a damp atmospliere for 
24 hours after gauging, when tlicy shall be removed from the 
moulds and immediately submerged in clean water and left there 
until taken out for breaking. After they have been so taken 
out and until they are broken, the briquettes shall not be allowed 
to become dry. The water in which they are submerged shall 
be renewed every 7 days and shall be maintained at a 
temperature of between 58" F. and 64"’ l\ 

“ The briquettes shall be tested for breaking-strength at 7 and 
28 days respectively after gauging, 6 briqu{'ttes for each period. 
The breaking-strength shall be the average tensile breaking- 
strength of the 6 briquettes for each period. The briquettes to 
be tested shall be held in strong metal jaws of the shape shown 
in Fig. 69, and the load shall be steadily and unifonnly applied, 
starting from zero, and increased at the rate of 100 lbs. per square 
inch of section in 12 seconds. 

“ The breaking-strength of the briquettes at 7 days after 
gauging shall be not less than 450 lbs. per square inch of section. 

“ The breaking-strength of the briquettes at 28 days after 
gauging shall show an increase on the breaking-strength at 7 days, 
and shall be not less than the number of pounds per square inch 
of section, arrived at from the following formula — 

“ Breaking-strength at 7 days + sfr^ngtlf ^ 7 days.” 

This is an advance on the previous specification in that the 
7 days' test shall be not less thaq 450 lbs. per square inch instead 
01,400 lbs. It is an unusual occurrence for a cement of modem 
;j^anufacture to give less than 450 lbs. per square inch, and 
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therefore no difficulty is experienced in complying with the 
requirements. 

Another advance in this specification is the introduction of a * 
formula for the increase of strength between the 7 days arid the 
28 days, in place of the old scale of varying percentage increase 
according to the 7 days’ breaking-strain. 

The gauging of cement and the filling into the moulds are 
operations calling for considerable skill and experience. There 
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Fig. 69. — Standard Jaws. (Dimensions.) 

is still the mistaken idea that any one can control the supply of 
cement coming on to the job, and this duty is often relegated to 
the clerk of the works, already overburdened with other duties, 
to carry out in his spare time. The result is cither a good deal 
of friction with the manufacturers, or else the cement gets in 
without any supervision whatever — 1 oth are very undesirable pro- 
ceedings, especially the latter, because if a consignment of cement 
should be used and afterwards proves to be unsuitable, a large 
amount of avoidable trouble and expenditure of both money 
and material will have been made. This applies not only to the 
L 
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neat tests but to all tests, and it cannot be too strongly empha- 
sised that each test in the specification has been devised with 
‘ the object of controlling some particular chemical or mechanical 
propetty of the cement, and that a satisfactory estimate of the 
value of the material cannot be made without complete tests. 

Tensile Stren^ih (Cement and Sand) 

The British Standard Specification states that — 

“ The breaking- strength of cement and sand shall be ascer- 
tained from briquettes, also of the shape shown (Fig. 68). The 
briquettes shall be prepared in the following manner — 

“ A mixture of cement and sand in the proportion of one part 
by weight of cement to three parts by weight of the standard 
sand specified on p. 148 shall be gauged with sufficient water 
to wet the whole mass throughout without any excess of water 
being present. 

“ The mixture, gauged as above, shall be evenly distributed 
in moulds of the form required to produce briquettes of the 
shape shown in Fig. 68, each mould resting upon a non-porous 
plate. After filling a mould a small heap (jf the mixture shall 
be placed upon that in the mould and patted down with the 
standard spatula shown in F'ig. 70 until the mixture is level 
with the top of the mould. This lost operation shall be repeated 
a second time and the mixture platted down until the water 
appears on the surface; the flat only of the standard spatula 
is to be used, and no other instrument or apparatus is to be 
employed for this operation. The mould after being filled may 
be shaken to the extent necessary for cx])clling the air. No 
ramming or hammering in any form will be permitted during the 
preparation of the briquettes, which shall then be finished off 
in the moulds by smoothing the surface with the blade of a 
trowel. 

Clean appliances shall be employed for gauging, and the 
temperature of the water and that of the test-room at the time 
the above operations are performed shall be from 58'' F. to 64° F. 

“ The briquettes shall be kept in a damp atmosphere for 24 
hours after gauging, when they shall be removed from the moulds 
and immediately submerged in clean fresh water, and left there 
until taken out for breaking. After they have been so taken out 
and until they are broken the briquettes shall not be allowed 
to become dry. The water in which they are submerged shajl' 
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be renewed every 7 days and maintained at a temperature of 
between 58° F. and 64° F. 

“ The briquettes shall be tested for breaking-strength at 7 and* 
28 days respectively after gauging, 6 briquettes for each period. 
The breaking-strength shall bo the average tensile breaking- 
strength of the 6 briquettes for each period. The briquettes 


0?2,n 



Fig. 70. — Standard Spatula. 

to be tested shall be held in strong metal jaws of the shape 
shown in Fig. 69, and the load steadily and uniformly applied, 
starting from zero, and increased at the rate of 100 lbs. per 
square inch of section in 12 seconds. 

“ The breaking-strength of the briquettes at 7 days after 
gauging shall be not less than 200 lbs. per square inch of section, 
“ The breaking-strength of the briquettes at 28 days after 
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gauging shall show an increase on the average breaking-strength 
at 7 days, and shall be not less than the number of pounds per 
Square inch of section arrived at from the following formula — 

“Breaking-strength at 7 days + , 10,000 lbs. — 

^ ^ / j I breaking-strength at 7 days. 

“ The standard sand shall be obtained from Leighton Buzzard, 
be thoroughly washed and dried, and shall pass through a sieve 
of 20 X 20 meshes per square inch, and be retained on a sieve 
of 30 X 30 meshes per square inch. The sieves shall be prepared 
from wire-cloth, the wires being ‘oiOq in. and *0108 in. in 
diameter respectively. The wire-cloth shall be woven (not 
twilled), the cloth being carefully mounted on the frames without 
distortion.” 

The tensile strain required at 7 days in each of the previous 
specifications was not less than 150 lbs. per square inch. This 
is now increased to 200 lbs per square inch, and cannot be 
regarded as too stringent, as the majority of the manufacturers 
would claim that the whole of their output would not be below 
250 lbs. 

As in the case of the neat cement, a formula has been intro- 
duced for calculating the required increase in strength between 
the 7 days and the 28 days. 

A good deal of difficulty has been caused between users and 
manufacturers in regard to the methods of filling the moulds. 
The statement “ shall be filled, without mechanical ramming,” 
being somewhat vague, a long-feit w’ant has been supplied by the 
introduction of the Standard Spatula. There is a good deal to 
be said for and against standardisation, but when some manu- 
facturers were using only “ thumb pressure,” some the Bohme 
Hammer apparatus, and others th^ Spatula, it was impossible for 
any one testing cement to get results in any sort of agreement. 

Widely differing results can be obtained by using different 
percentages of water, and as the cement, according to its quality, 
will require more or less water, it is not advisable to state a 
definite percentage of water to be used in gauging. 

A good deal of work has been done in the way of tensile testing- 
machines, and, as is often the case, the most simple contrivance 
is the best. 

The simplest form of machiue is that designed by Messrs, 
Patrick Adie many years ago. It consists of a single lever steel- 
yard, with an arrangement to increase the load automatically. 
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The machine is shown in Fig. 71. A brief description of the 
apparatus will serve to show its many good points, not the least* 
being its simplicity. The lever F is supported by a knife edge 
resting in a bearing on the top of the main pillar A. The 
briquette is held by clips B and C, both of which are fitted with 
ball-and-socket joints, the clip B beings hung from F by a knife 



Fig. 71. — Aclic’s Testing Machine. 


edge, whilst clij) C is adjusted by means of the screw and wheel R. 
A sliding weight D moving slowly along the graduated lever F 
causes a smooth and regular increase of the tension on the 
briquette until the breaking-point of the latter is reached. The 
rest of the machine is for the purpose of making the movement of 
the weight D completely automatic. A flexible wire, one end 
of which is attached to the piston of the dashpot, after passing 
over pulleys i, 5, 2, and 4, is connected to the top of the weight 
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D and then passes round pulley 3 twice, and terminates in a 
tweighted hook from which i^ hung the weight W. There is also 
a stop .attached to pulley 3 which is operated by a trip worked 
by the lever F, afterwards released by a lever cam E lifting F. 
The action is as follows. Tlie weight D starting from zero \i. e. 
close to A) is pulled along the lever F, by means of the weight W, 
and the speed of this movement is regulated by the dashpot 
which is adjusted to allow an increase of 100 lbs. in twelve Seconds, 
the speed stated in the British Standard Specification. As soon 



Fio. 7..-Shot-Machinc. 


as the briquette breaks, the lever F falls, and causes the trip to 
stop any further movement of the weight. 

A form of machine in use on the Continent is the multiple lever, • 
and commonly referred to as the Shot Machine shown in Fig. 72. 
The levers are so arranged that there is a ratio of 50 to i between 
the load applied and that exerted on the test-piece. The main 
lever a is supported by means of a knife edge, and is free to 
move up and down through the* guide h. A bucket c is sus- 
pended from one end of the lever and a counter- weight from the 
other, both being supported on knife edges. This lever is con- 
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nected with a second lever, which is connected with the clip d, 
the briquette i being held between this and the lower .clip e. 
The load is applied in the following manner : — shot, contained 
in the hopper g and regulated by the slide o, is run into the 
bucket at the standard rate until the briquette breaks. As soon 
as this happens, the bucket falls on to the trip n, which, through 
the connecting rod w, closes the slide o, and so automatically 
stops the flow of shot. The bucket is transferred to the spring 
balance and the weight read off. Many other forms have been 
devised, the two mentioned being those in general use. It 
may be of interest to show one of the earliest forms of machine 
(Fig. 73). This machine was designed for testing briquettes of 

in. X 1 1 in. section of the form desciibed by Grant in his 
earliest work (see p. 135). The briquette having been placed ■ 
in position, the load is taken up by means of a screw, and the 
load applied by means of the weight, which is moved along 
the steelyard by the screw, which is controlled by turning the 
small wheel immediately above the jaws. I have to thank 
Messrs, Cubitt for the use of this illustration. 

Tests for Setting-time 

The British Standard .Specification states that — 

Unless a specially slow setting cement be required of which 
the minimum time of setting has been specified, the cement shall 
be of one of three distinct gradations of time of setting, designated 
as ‘ Quick,’ ‘ Medium,’ and ‘ Slow.’ 

Quick. — Initial setting-time not less than two minutes. 

Final setting-time not less than ten minutes, nor 
more than thirty minutes, 

“ Medium. — Initial setting- time not less than ten minutes. 

Final setting- 1 :ime not less than thirty minutes, 
nor more than three hours. 

“ Slow. — Initial setting- time not less than thirty minutes. 

Final setting- time not less- than three hours, nor 
more than seven hours. 

“ The initial and final setting- times of the cement shall be 
determined by means of the Vicat needle apparatus shown in 
Fig- 74 - 

“ For the purpose of carrying out the tests, a test-block shall 
be made as follows — 

Neat cement shall be gauged in the manner and under the 
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conditions referred to in Clause ii, and the gauging shall be 
completed before signs of setting occur. The test-block shall 
then be made by filling the cement gauged as above into the Vicat 
mould, ^ the mould resting upon a non-porous plate. The mould 
shall be completely filled, and the surface of the test-block shall 
then be smoothed off level with the top of the mould. 

“ For the determination of the initial setting-time the test- 
block confined in the mould and resting on the plate shall be 
placed under the rod bearing the needle, when the latter shall 
then be lowered gently into contact with the surface of the test- 
block and quickly released, and allowed to sink into the samc.^ 
This process shall be repeated until the needle, when brought 
into contact with the' test-block and released as above described, 
does not pierce it completely. The period elapsing between the 
time when the cement is filled into the mould and the time at 
which the needle ceases to pierce the test-block completely shall 
be the initial setting-time above referred to. 

“ For the determination of the final setting-time tlie needle C 
of the Vicat apparatus shall be replaced by the ncc'dle F, shown 
separately on Fig. 74. The cement shall be considered as finally 
set when, upon applying the needle gently to the surface of the 
test-block, the needle makes an impression thereon, while the 
attachment shown in the figure fails to do so. In the event of 
a scum forming on the surface of the test -block, the under- 
side of the test -block may be used for dctemiining the final 
set.^^ 

Widely differing results were obtained, until the methods and 
conditions were specified. No property of Portland cement is 
more affected by outside influence than is the setting-time. 

The temperature of the cement, the gauging water, and the 
air of the testing-room play a very important part in the rate of 
setting. It is therefore of the utmost importance that the whole 
of the materials to be used during the operations should be brought 
to the same temperature, and as the results generally required 
are for comparative purposes, the figures will be in very fair 
agreement if the work is carried out at the temperatures specified 

^ The Vicat needle may, if desired, be fitted with a mechanical attadi- 
ment such as a " dashpot,” so as to ensure the steady and gentle appli- 
cation of the point of the needle to«the surface of the test-block, and 
thereby render the test independent of the hand of the operator. Care 
must be taken that the needle rests with its full weight upon the surface 
of the test-block. 
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by the British Standard Committee, viz. between 58® F. and 
64^^ F. 

The percentage of water used also has a marked effept upon 
the rate of setting, and as this largely has to depend upon the 
discretion of the operator, it is not so readily standardised as 
the temperature. 



The following table gives typical results obtained with varying 
percentages of water. In each case the lowest percentage of water 
used is that required by the i 3 ritish Standard Specification, and 
would be used normally in testing; the highest percentage used 
being that required to give normal consistency. The Vicat 
needle was used in all cases to determine both the initial and 
final sets. 
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% Water Used 

Initial Set. Min. 

Final Set. Min. 

• { 

21^ 

15 

75 

Cement No. i . . . 


20 

90 

\ 

27 

30 

120 

( 

2Zl 

25 

75 

Cement No. 2 . . .< 

25 

()0 

190 

\ 

27 

85 

220 

( 

,2 

30 

I/|0 

Cement No. 3 . 

24 i 


190 

i 

27 

135 

2«5 

f 

22i 

15 

65 

Cement No. 4 . 

25 

30 

1 20 

\ 

27^ 

95 

230 

f 

22h 

^3 

100 

Cement No. 5 . 

25“ 1 

25 ; 

180 

1 

27^ 

30 


r 

22I 

1 

1 

1 

' Id5 

Cement No. 6 . . . 

25 

1 15 

1 220 

1 

27 

15 

‘ 305 

r 

22. t 

20 

165 

Cement No. 7 . 

25” 

120 

1 34« 

i 

27 i 

190 

1 440 

f 

22 

1 

1 20 

60 

Cement No. 8 . 

-5 i 

1 I 

! 135 

1 

’ 7 1 

80 1 

225 

( 

2d 1 

30 

1 120 

Cement No. 9 . . 

27 

! 

, 255 

i 

i 

100 

1 300 


It will be seen that the tendency is to prolong the setting when 
an excess of water is used, and emphasises the need for all work 
J be done as far as possible under definite conditions. 

Soundness, Constancy of Volume 
The British Standard Specification requires that — 

“ The cement shall be tested for soundness by the Le Chatelier 
method. The apparatus for conducting the Le Chatelier test 
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good condition, 

■« 

placed upon a 

small piece of glass and filled with cement gauged in the manner 
and under the conditions referred to on p. 143, which see. The 
mould shall then be covered with another glass plate, upon which 
a small weight shall be placed, and the whole shall then be 
immed^iately submerged in water at a temperature of 58° F, 
to 64 F., and left there for 24 hours. The glass plates 

are then removed and the distanct; separating the indicator 
points measured. The mould is again submerged in water at 
58“ l\ to 64° F, which shall be brought to boiling-point in 
25 3 ^^ minutes and kej)t boiling 6 hours. The mould 

shall then be removed from the water and allowed to cool, 

IBS mm I 

(BSO/nsj ' ' d 


i* 

Fig. 75.-- Chatelier Apparatus. 

and the distance between the points again measured ; the differ- 
ence between the two measurements represents the expansion 
of the cement. When the sample has been aerated for 24 
hours in the manner described, the expansion as above deter- 
mined shall not exceed 10 mm. In the event of the cement 
failing to comply with this test, a further test shall be made from 
another portion of the same sample after it shall have been 
aerated for a total period of 7 days in the manner before described, 
when the expansion determined as above shall not exceed • 
5 mm.” 



is shown on Fig. 75. The moulds shaU be kept in 
hamg the jaws not more than 0-5 mm. aj.art. 
“ In conducting the test the mould shall be 


The British Standard Specification re^juires that before the 
samples are submitted to the tests for tensile strength, setting- 
time and soundness, they shall be aerated for 24 hours, at a 
depth of 3 inches, the temperature being maintained between 
58" F. and 64° F. 

The least that can be expected of Portland cement is that it 
shall remain stable and sound* after having been used for its 
legitimate purpose as a binding material. The tests for con- 
stancy of volume are of a fair and simple character, and although 
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a great deal of good and useful work has been done with cemeni 
« which has been passed on a cold water pat, it has been generallj 
accepted that an accelerated test is the only rational one. A 
defect which would only be indicated by a month of delay during 
exposure to cold water, would in most cases be shown up in ar 
hour or so in boiling water.. 

The original method for testing soundness of cement was tc 
gauge a pat of neat cement, about 3 in. in diameter, the centre 
being about ^ in. thick and with tapering edges. This was 
allowed to remain for 24 hours in a moist atmosphere, and was 

then placed in cold water anc 
kept for 28 days. No signs 0; 
cracking or warping shoTilc 
appear in a sound cement. 

A method which was rcgardec 
as a great advance on the cole 
j)at was that introduced by the 
late Henry Faija. A pat 0 
neat cement was prepared ant 
immediately placed in tin 
steam space provided in tin 
top of a specially arranged ball 
(Fig. 76). The pat, after 5 oi 
6 hours in the steam, was 
lowered into' the water below 
kept at a temperature of 115 
F.“I20° F. for the remainder 0 
the 24 hours. At its date th< 
test had its worth. The pa 
should remain hrm on the plate 
and show no signs of warping, cracking or shrinkage. 

A further advance in accelerated tests was that of M. Dcval 
Pats were prepared as before described, and allowed to set ii 
moist air for 24 hours, and were then immersed in a water bath 
the temperature of which was kept constant by a specially con 
structed bath (Fig. 77), at a temperature of 176° F. The bat] 
consisted of a small copper tank A, provided with a cover 1 
and surrounded by an outer jacket C, an air space D beinj 
provided between the two baths, the outer jacket being kep 
boiling. The temperature of tlie inner bath is adjusted b; 
partially filling the air space with sand, E, and once adjusted th 
temperature remains constant. The outer bath is provided witJ 



Fig. 76. — Faija Bath. 
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a condenser F, so that very , little attention is necessary. ITiis 
bath was also used for accderatcd tensile tests. Briquettes pre- 
pared in the usual way were subjected to the hot water and’ 
broken after periods of 3 days and 7 days, the idea beirtg that 
the results would be comparable with the 7 days’ and 28 days’ 
cold-water test. Virile there is no direct ratio between the hot 
and cold tests, it can be accepted generaUy that a cement which 
develops a good increase in strength between the 3 days and 7 
days in the hot-water test will also show a good increase in the 
cold-water test. 

Other tests for soundness have been devised, such as that of 
filling a glass bottle or a test-tube with the plastic cement, these 
being put aside to set. If at the end of y* days the vessel had 



cracked, the cement was regarded as unsound, and probably 
rejected, no allowance having been made for the different co- 
efficient of expansion of glass and cement. 

Among the erroneous tests is the plunge test. A pat was 
prepared and immediately on gauging was immersed in water, 
the pat to show no signs of cracking or warping. The least that 
can be said is that such a test is without value as a guide to the 
soundness, and while a quick-setting cement, sound or other- 
wise, may give a good pat under those conditions, the reverse will 
happen with a slow-setting cement. Also, if several pats are 
prepared from the same cem.cn t under precisely similar condi- 
tions, the resultant pats will show all stages of apparent 
unsoundness, 

% 

A well-designed apparatus for actually determining the expan- 
sion or contraction of cement is that devised by the late Prof. 
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Bauschinger and shown in Fig. 78. It consists of a form of 
^micrometer, and is designed to measure a bar of cement 
approximately 100 mm. long; movements of mm. can be 
detemSined. 

The apparatus is constructed of brass, and the micrometer 
frame is counterbalanced so that there is no undue strain on the 
points. The .bar is provided with end plates punched with a 
centre point, so that the measurements are always taken from 
the same point. 



Fig, 78. — Bauschinger Apparatus. 


The bar to be measured is placed in position on the platform 
provided, the micrometer points brought into position and the 
micrometer screw tightened in order that the same pressure 
shall be exerted every time ; the left-hand point is provided with 
a pointer, the final adjustment being made when the pointer 
coincides with the central division <on the scale. It is important 
that the instruhient should be kept at a fairly constant tempera- 
ture, and the temperature recorded at the time of reading. 
Standardised bars of cement and wood are provided for the 
purpose of correction, the length of the bars at 15° C. being 
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stated as data. The results are good, but the method is too 
cumbersome for ordinary use. 

Compression tests, although fairly common in continent^ 
specifications, arc not often specified in this country? It is 
generally argued that cement is more often used in compression 
than tension, and there is a good deal to be said on this point. 
It is often desirable to know the comprcssional strength of con- 
crete, and there is no doubt that, if a series of experiments were 



Fig. 79.— Compression Machine. 


made before drawing up a specification as to the proportion of 
cement to aggregate to be used in a particular piece of work, 
a good deal of expense could be saved by reducing the cement 
used, still leaving a sufficient factor of safety. 

In carrying out the test either neat or with standard sand, 
concordant results can be obtained by using 3 in. cubes, but for 
testing concrete it is advisable to make 6 in. cubes, or, if possible, 
12 in. cubes. One of the chief** reasons for the compression test 
not being specified is that it is costly. The tensUe test is com- 
paratively simple and cheap. The compression test requires .a 



CBMENT 


160 

somewhat expensive machine for crushing the cubes, but when 
the engineers of this country really take up the scientific testing 
of their materials, there is no doubt that this objection will 
disappear, as they will realise fully that it will pay in the long 
run. 

A useful compact machine for carrying out the compression 
test is that shown in Fig. 70, and is manufactured by the Asso- 
ciated Portland Cement Manufacturers, Ltd. It is designed to 
test cubes up to three inches, and will give a maximum load of 
fifty tons. 



CHAPTER VIII 


METHODS OF ANALYSIS 

Chemical Analysis 

Under the heading of “ Works Control ” the various analytical 
methods used for maintaining control are fully described. These 
methods, although rather rough, are r’^fhciently accurate for 
the purpose in view, and the law of “ constant error ’’ may come 
into full play without detriment— c. g. a calcimeter may have a 
constant error, but it matters little whether the reading be high 
or low so long as it is consistent — i. c. with any particular reading, 
one can be sure of obtaining the same result. Sometimes, iiow- 
ever, it is necessary to make analyses with a greater degree of 
accuracy, and the methods described in this chapter, if carefully 
carried out, will give results sufficiently accurate for all purposes. 

It is not claimed that these methods are the only ones suitable, 
or that, in expert hands, many short cuts might not be intro- 
duced, but the object has been to describe reliable methods which 
could be carried out by any ordinary chemist, as distinct from 
the expert. The investigation of a new cement project is a 
typical case where reasonable accuracy is necessary, as slipshod 
methods may cause a good proposition to be turned down, or, 
on the other hand, may be the means of causing a great deal of 
trouble by allowing unsatisfactory materials to slip through. 

Sampling 

The importance of proper samphng has been emphasised in 
connection with the “ works control,” but it is still more important 
that the material on which a cement proposition is to be based 
should be properly sampled. For example, a limestone may be 
practically pure with the exception of siliceous veins running 
through it. If the sample is taken carelessly, it may contain far 
too large a proportion of the siliceous material, or, on the other 
hand, it may be a picked sample, containing nothing but practi- 
cally pure limestone. In cither case the result will be misleading. 

M i6i 
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A more common error in sampling new raw materials for cement 
^ making is to take the superficial material. If a new property 
is being inspected it is not an easy matter to obtain a sample 
representative of the bulk. Nevertheless this must be done, 
and the top layers or overburden ” must be removed before a 
proper sample can be obtained. After this has been done, the 
sample should be carefully selected to get the proper propor- 
tion of veins and other irregularities included, but pieces of 
“ weathered rock should be rejected, as it may have altered 
considerably in composition, and not be representative of the bulk. 
It is also advisable to take as large a sample as possible. The 

average ” from a few hundredweight is far more likely to be 
representative of the bulk than that taken from a few pounds, 
but even the latter is better than the sample which is sometimes 
taken by people who have not realised the importance of proper 
sampling — for example, a piece of weathered stone weighing 
about half a pound. There is a similar difficulty with samj)ling' 
the other materials — e. g. clays may have pockets or patches of 
sandy matter or silt, which must be taken in their proper pro- 
portion if the results are to be of any use. 

More might be written on this subject ; but sufficient has 
been said to show' that it is of the utmost importance that the 
sampling shall be thoroughly and intelligently carried out, and 
that there are many difficulties to be overcome before this can 
be accomplished. 

The primary calcareous mat^^rials — chalk and limestone — 
are analysed as follows — 

, A preliminary examination is made by floating a small quantity 
of the material with hydrochloric acid to see if it is siliceous, 
argillaceous, dolomitic, etc., and examining the residue quali- 
tatively, as the method of opening up has to be modified if there 
is much insoluble residue left. 

If the material is nearly pure, or only dolomitic, 0*5 giiri- of 
the finely-ground sample is weighed out, placed in a shallow 
porcelain dish about 6 in. in diameter, and swirled round with 
a little water until thoroughly mixed. The dish is covered with 
a watch-glass, about 20 c.c. of hydrochloric acid (sp. gr. i-i5)added, 
a little at a time to prevent loss* by spurting, and the whole kept 
gently shaken until effervescence has ceased. The whole is then 
heated on a hot plate until the dissolved carbon dioxide has been 
driven off, when the cover glass is washed off into the dish and. 
removed, and the solution evaporated to dryness, on a hot plate, 
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covered with a watch-glass and baked on a triangle, at a tem- 
perature of at least 200° C. for an hour. ' 

If the material is siliceous or argillaceous and contains ^ 
considerable amount of insoluble matter, the method is jj-iodified 
by taking i grm. of the finely-ground sample and igniting it 
in a platinum crucible at the full temperature of, the muffle 
(say, 1050° C.) for about an hour. In this way the whole of the 
constituents are rendered soluble in dilute hydrochloric acid, 
unless the material is so siliceous that the lime present is insuffi- 
cient to flux the whole of the siliceous matter, in which case the 
material can scarcely be classed as a limestone. The ignited 
material is cooled in a desiccator and weighed (to determine 
loss on ignition), transferred to a dish, powdered up with a glass 
rod, shaken witli a little water, an^^ dissolved in hydrochloric 
acid. The solution, which should be clear, except, perhaps, for 
a few flakes of precipitated silica, is evaporated to dryness and 
baked as described above. The object of the baking is to de- 
hydrate the silica, which can be rendered completely insoluble when 
it is spread out in a thin, even film and treated in this Lianner. 

After baking, the dish is removed from the hot plate, cooled, 
about 30 c.c. hydrochloric acid (sp. gr. 1*15) added, and the whole 
digested until solution of all but the silica is effected. The 
solution is diluted and the silica is filtered off. This is washed, 
dried, igniti'd in a platinum crucible in the muffle and weighed. 
It is then digested with hydrofluoric and sulphuric acids, evapor- 
ated, and the residue ignited in the muffle and weighed. The 
weight of the. residue is deducted from the sihea, and, if only a 
few tenths of a milligram, it is ad^’ed to the ammonia precipitate; 
if it weighs more than this, it mould be fused with potassium 
bisulphatc and analysed. T 1 e filtrate from the main silica is 
returned to the dish, bromiie water added sufficient to colour 
it, and an excess of ammonict/added. The solution in the dish is 
heated just below boiling )9int, until nearly all the excess of 
ammonia has been driven ol y This stage is one of some delicacy, 
as the removal of the exc^ of ammonia is necessary to ensure 
the precipitation of the \\J|ble of the alumina ; also the evapora- 
tion must not be pusheJ'too far, lest some alumina re-dissolves. 
The nose is an excell A guide, and the whole of the alumina, 
the oxides of iron |pd manganese are precipitated, and the 
precipitate is free lime if there is sufficient ammonium* 
chloride present, the digekion with ammonia has not been 
unduly prolonged^i 5 to 30 minutes is sufficient. If the material 
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is dolomitic it is advisable to re-precipitate both the ammonia 
precipitate and the calcium oxalate precipitate, so as to ensure 
freedom from magnesia. 

The filtrate from the alumina and ferric oxide is collected 
in a beaker, and to it about 25 c.c. of ammonia (containing half 
its volume of ammonia solution of 0*880 sp. gr.) is added. The 
mixture is brought to its boiling-point and 25 to 50 c.c. of a 4 % 
solution of ammonium oxalate is poured in (according to whether 
0*5 grm. or i grm. of material was originally taken). The 
precipitated calcium oxalate boiled for two or three minutes, 
allowed to settle for about an hour, and then filtered. The 
operation, if properly conducted, will separate all but a very 
trifling proportion of the lime, and the precipitate will be free 
from magnesia. The possible remnant of lime is recovered at 
the next operation. 

The filtrate from the calcium oxalate is evaporated in a 
porcelain dish until a pasty residue is obtained, 40-50 c.c. of 
nitric acid (sp. gr. 1*4) is added, the dish covered, and the heating 
continued until the ammonium salts have been broken up and 
their products volatilised. 

The residue, after the destruction of ammonium salts, is 
dissolved in a few c.c. of water and about six drops of hydrochloric 
acid of sp. gr. 1*15. Excess of ammonia and two drops of 
ammonium oxalate solution (4 %) are added, and the mixture 
is heated. A small precipitate is obtained, which is filtered off. 
In ordinary routine work it usually weighs about 0*0015 grm., 
and consists of about 0*0010 gnn. of silica, and the balance of 
alumina, ferric oxide, and lime. The two latter belong to the 
material being analysed, and 1.^. specially close work must be 
separated and added to the val \es for the main precipitates. 
Under ordinary conditions this is scarcely necessary. The silica 
is most probably derived from the glass and porcelain vessels 
which have been used, and partly, perhaps, from the dust 
inevitable in a city atmosphere. . t is better neglected. The 
filtrate from this small, precipitate contains the whole of the 
magnesia in concentrated solution, free from excess of ammonium 
salts, and easy to precipitate cleanly and completely. To obtain 
it, 10 c.c. of ammonia (50 % of 0*880 solution) and 2 c.c. of a 
10 % solution of sodium phosphate are added. On shaking 
and standing for two hours a wcll-crystailised precipitate is 
obtained, which is filtered and washed with ammonia (25 % of 
o*88o solution). 
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The alumina and ferric oxide, and the lime as calcium oxalate, 

^ are dried and placed, together with their filter-papers, in platinum 
crucibles and burnt off gently at the mouth of a gas muffle: 
when the paper is consumed and the calcium oxalate is decom- 
posed to carbonate or thereabouts, the cnicibles arc placed 
inside the muffle and ignited at the full temperature attainable 
(about 1,050° C.) for one hour. 

The magnesium ammonium phosphate is burnt off, moist in 
its filter-paper, in porcelain at the mouth of the muffle, brushed 
out, and weighed as pyrophosphate. 

The combined precipitate of alumina and iron oxide is, as a 
rule, very small, and when only 0*1 there is no need to 

separate them. If larger than this, they should be separated 
by fusing with potassium bisulphatc, precipitating the iron and 
manganese with caustic soda, the alumina being estimated by 
difference. If it is necessary to separate the iron and manganese 
it can be done by the basic acetate method. 

For Sulphuric Anhydride . — A second portion of 0'5 grm. of ' 
finely-ground material is decomposed as before, and evaporated 
to dryness in the same way. The contents of the dish are 
digested with 10-15 c.c. of hydrochloric acid (sp. gr. 1*15), diluted, 
filtered and washed. The filtrate is boiled, 5 c.c. of a saturated 
solution of barium chloride added, and the whole boiled for three 
minutes. After standing for two or three hours, to enable the 
barium sulphate to assume its most insoluble form, the precipitate 
is filtered off through a double filter-paper (extra washing is 
required because of the double paper), and the barium sulphate, 
moist or dry, together with the filter paper, is ignited at the 
mouth of a muffle and weighed. 

Occasionally limestones, e. ^ those of the blue lias variety, 
arc met with containing appreciable quantities of pyrites. This 
constituent is best determined by boiling 1-5 grms. of the finely- 
powdered sample with aqua regia, removing nitric acid by 
evaporation with excess of hydrochloric acid, and precipitating 
the total sulphuric anhydride in the diluted filtered solution by 
means of barium chloride. In calculating the amount of pyrites 
present, allowance must be made, of course, for sulphur already 
existing as sulphuric anhydride in the limestone. 

For Loss on Ignition {Carhoni ^ Anhydride and Unless ^ 

this lias already been done as described above for siliceous 
material, 0-5 grm. of the finely-ground material is ignited in 
the muffle at the full temperature of the muffle for one hour. 
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For convenience 'this can be done when the main precipitates 
are ignited. 

Carbonic Anhydride . — Various methods arc in use for deter- 
mining carbon dioxide, some of which are described under 
“ control of the mix.’^ The following is a method which has 
proved to be both accurate and simple, and when the apparatus. 
Fig. 8o, has once been fitted up, yields results approaching the 
theoretical, whilst requiring very little manipulation. 

The potash bulb and guard (sulphuric acid) tube are weighed 
together and connected up with the apparatus ; 0-5 grm. of the 
sample is placed in the flask and shaken round with a little water. 
The flask is replaced, and a gentle current of air is drawn through 
the apparatus. About 20 c.c. of dilute hydrochloric acid is 
allowed to flow into the flask, drop by drop, through the tap 
funnel, care being taken to see that the carbon dioxide liberated 
does not drive the solution back into the soda lime tube. 
W'hcn all the acid is in the flask, the tap is closed and the 
contents of the flask boiled until the water in the miniature 
condenser above the flask is too hot to touch, by which time 
all the more resistant carbonates will have been decomposed. 
In order to ensure that no carbonic anliydride is left behind, 
air is drawn througli the apparatus for about fifteen minutes, 
thus displacing any carbonic anhydridr* dissolved in the silver 
sulphate solution, etc., and sweeping it on into the solution of 
caustic potash. The potash bulb and guard tube arc then 
weighed again, the difference between this and the original 
weight being due to carbon dioxide. 

For accurate work it is advisable to wipe carefully the bulb 
and guard tube, and allow it to stand for 10-15 minutes to 
gather the “ air film ” before weighing. 

Clay, Shales, Marls, etc . — ^For cement work the “ rational ” 
analysis (estimation of the mineral constituents), of clays, etc., 
is unnecessary. The method for “ ultimate ” analysis is as 
follows : — The dried sample is very finely ground in an agate 
mortar ; 0*5 grm. is fused in a platinum crucible with five to eight 
times its weight of pure sodium carbonate, until the material is 
completely decomposed. When cool, the melt is loosened by 
shghtly squeezing the sides of the crucible, transferred to a large 
dish, preferably of platinum, and digested with about 30 c.c. of 
hot water until the soluble silicates are dissolved ; if the fusion 
has been properly carried out, the addition of a few c.c. of 
hydrochloric acid will dissolve the residue, forming a clear 
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solution, with possibly a few flakes of silica. (If the acid is 
added before tne fused mass has been properly disintegrated 
^ there is a danger of the precipitated silica enclosing alkali, etc.) 
At this stage it is important to see that there is no loss through 

spurting.” The solution is evaporated to dryness, and the 
rpsidue feaked on a hot plate for an hour. After cooling, the 
residue is digested with 30-40 c.c. of hydrochloric acid (sp. gr. 
1*15), and diluted with hot water. The insoluble silica is filtered 
off, washed free from alkali, etc., and dried. For accurate work 
the filtrate is evaporated and baked again to obtain the small 
quantity of silica which always remains in solution when the 
residue, containing a large quantity of sodium chloride, has had 
but one baking. A*pparently the reason for this solubility is 
due to the insufficient baking of those portions of the siliceous 
matter which get perched up on to the top of crystals of sodium 
chloride, etc. 

A small quantity of bromine is added to the filtrate, followed , 
by an excess of ammonia, and the whole is digested on the hot 
plate, just short of boiling, for 15 to 30 minutes, until very little 
free ammonia is left in solution. The precipitate, which contains , 
practically the whole of the iron, aluminium and manganese, is 
filtered off, washed and dried. About 10 c.c. of ammonia is 
added to the filtrate, which is then boiled, and, whilst boiling, 
an excess of a hot solution of ammonium oxalate is added, and 
the boiling continued for 3 to 5 minutes, after which it is allowed 
to stand. (There may not be much calcium oxalate precipitated 
for some hours. It is necessary to add an excess of ammonium 
oxalate, as in this solution an appreciable quantity of calcium 
salts may be present, and yet give practically no precipitate when 
only one drop of ammonium oxalate is added.) 

The calcium oxalate is filtered, oft’, washed and dried. The 
filtrate is evaporated in a porcelain dish till it becomes 
pasty, when the dish is covered with a cover glass and 20-30 c.c. 
of strong nitric acid (sp. gr. 1*4) is added. On warming, the 
ammonium salts will ‘be broken up, and finally a residue of 
sodium chloride, with all the magnesia, will be left. When cool, 
any deposit on the cover glass .should be washed into the dish, 
and the residue dissolved in as little water as possible, to which 
has been added 5 or 6 drops of hydrochloric acid ; a slight excess 
, of ammonia and a few drops of •ammonium oxalate are added, 
and the whole boiled up for a minute or so. The “ mess ” (a 
term used for convenience), consisting of traces of silica, 
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alumina, etc., is filtered off, and 10 c.c. of ammonia and 2 c.c, 
of a 10 % solution of sodium phosphate arc added to the filtrat 
After vigorous shaking and allowing to stand for a couple of hours, 
the precipitate of ammonium magnesium phosphate is filtered off, 
washed with dilute ammonia (25 % of o-88o solution), dijed, ignited 
over a bunsen to magnesium pyrophosphate Mg2P207, cooled and 

weighed. This weight multiplied by gives the weight of 

MgO present. The “ mess” is gently ignited and weighed, and 
if it is more than i mgm. or so, it should be analysed by dissolving 
and separating the silica, alumina and lime; the former is 
rejected as probably coming from the dishes, whilst the two latter 
arc added to their rcspcclivc main r^recipitates. 

The three main precipitates arc ignited in platinum crucibles 
at the highest temperature of the muffle for an hour. This is 
necessary to ensure the thorough dehydration of the silica, 
alumina, and the complete decomposition of the whole of the 
calcium oxalate to the oxide instead of leaving a small quantity 
in the intermediate stage. The complete dehydration of large 
quantities of alumina and silica is by no means easy, and ignition 
for an hour at the highest temperature of the muffle is the simplest 
way to ensure accurate results. In the combined precipitate 
of iron oxide and alumina there seems to be no risk of any of the 
ferric oxide being converted to the magnetic oxide by the high 
temperature, so long as the proportion of alumina to ferric oxide 
is about normal in a clay. If, however, there is a large excess 
of ferric oxide, the alumina should be separated and ignited at 
full temperature separately, and the ferric oxide ignited at low 
temperature. 

After these main precipitates have been cooled and weighed 
they are treated as follows : 

The silica is treated with a few c.c. of pure hydrofluoric acid, 
and a drop or two of sulphuric acid, in the weighed platinum 
crucible and then evaporated to dryness, and the residue ignited, 
cooled and weighed. The weight of this residue is deducted 
from that of the crude silica, to obtain the weight of pure silica. 
The residue, which should be small, consists chiefly of alumina 
and sodium salts held by the silica, and for accurate work it is 
necessary to determine the amount of alumina present by fusing 
with a small quantity of potassium bisulplnfte, dissolving in 
dilute hydrochloric acid and precipitating with ammonia. This 
small quantity of alumina is added to the main precipitate. 
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The precipitate containing the iron, aluminium, and manganese 
is fused with about ten times its weight of potassium bisulphate 
until it is all converted into sulphates. 

For this purpose it is necessary to have the precipitate in a 
fine state division, and should it be at all sintered into hard 
lumps, it should be ground in an agate mortar, great care being 
taken that none is lost, either by “ flying ” or by being left in 
the mortar. An alternative method, which in some cases is 
better, is to use the ammonia precipitate from the " alkalies” 
portion, instead of this ignited precipitate, for separation of 
iron, aluminium, and manganese. This obviates the difficulty 
with the fusion, as solution is effected by direct treatment with 
hydrochloric acid, and- the solution is free from alkalies. 

The fused mass obtained by the first method is dissolved in 
hydrochloric acid; the solution is evaporated to low bulk and 
poured into an excess of a strong solution of caustic soda. After 
heating for a few minutes, the solution is poured into a large 
quantity of cold water, stirred thoroughly, and the precipitate 
containing the iron and manganese filtered off. The filtrate, con- 
taining all the alumina, is generally rejected, the alumina being 
estimated by difference. If, however, the alumina is rcquiied 
direct, the solution is acidulated with hydrochloric acid, digested 
with a small excess of ammonia, and the precipitate filtered off 
and washed. As it is difficult to wash either of these precipitates 
free from soda, it is necessary to dissolve them in hydrochloric 
acid and re -precipitate them, the alumina by simple digestion 
with a small excess of ammonia, and the iron and manganese 
by the addition of bromine and an excess of ammonia, and 
boiling for a few minutes. The precipitate of iron and manganese 
is washed, dried, ignited over a bunsen burner, and weighed. 
The precipitate is dissolved in a si^all quantity of hydrochloric 
icid, by boiling, and the solution evaporated till most of the 
free acid has been driven off. The solution is just neutralised 
with ammonium carbonate, and the faintly turbid solution 
cleared up with a drop’ of dilute hydrochloric acid ; it is then 
diluted and a few c.c. of neutral ammonium acetate solution 
added, and the whole boiled for about three minutes, and 
allowed to stand for a few minutes Tor the precipitate to settle. 
If this operation is carried out properly the precipitate of basic 
ferric acetate will settle' quickly, and will be practically free 
from manganese, and leave only the slightest trace of iron in 
solutiofi. If, however, the solution remains muddy, or should 
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there be a large quan^ty of manganese present, * the precipitate 
should be dissolved and the process of precipitation repeated. 

If small, this precipitate can be ignited direct to ferric oxide 
over a bunsen burner, but if large, it is better to dissolve in 
hydrochloric acid, and rc-precipitatc with an excess of wmonia 
before ignition. To the filtrate, containing the manganese, a 
small quantity of bromine is added, and then an excess "of 
ammonia. As soon as the first reaction is over, the solution 
is boiled and the precipitate allowed to settle, and filtered off. 
The precipitate is dried, ignited over a bunsen burner, and 
weighed as MngO^. The manganese in clays, etc., is, however, 
usually present as manganous oxide (MnO), and consequently 
the weight obtained should be multi] h‘ed*by 0*93 to give the 
quantity of manganese present in terms of MnO. 

The lime precipitate is usually so free from foreign matter 
as to need no further examination, but if it should be necessary, 
the precipitate is dissolved in dilute hydrochloric acid, which 
should be rapid and complete if the hme is pure, but if alumina 
is present it will be difficult to get into solution. A small excess 
of ammonia is added and the solution boiled, when any iron 
and alumina present will be precipitated and should be filtered off 
and re- precipitated to ensure freedom from lime. The filtrate is 
then boiled with a solution of ammonium oxalate to precipitate 
the calcium as oxalate; the filtrate is examined for magnesia, 
with sodium phosphate as described above. 

Alkalies . — All clays, shales and marls contain alkalies, and 
while for cement making it is not always essential to estimate 
the quantity jircsent, it is often desirable to do so. For this 
purpose 0’5 to 2 grms. of the finely-ground sample is weighed 
out, transferred to a fair-sized platinum crucible, and digested 
for two or three hours with it c.c. purest hydrofluoric acid (that 
supplied in cerasin bottles) and 2 c.c. sulphuric acid (puriss). 
If necessary, a further 10 c.c. of hydrofluoric acid is added, and 
the whole gently evaporated till most o{ the sulphuric acid has 
been fumed off, great care being taken to prevent loss by 
“ spurting.” The anhydrous sulphates are taken up by digesting 
with hydrochloric acid, and the diluted solution filtered off 
through a small filter, retaining the insoluble matter in the dish. 
This is further digested with hydrochloric acid and filtered off 
as before; if any residue still* remains, which is usually due to, 
insufficient attack, it is washed on to the filter-paper, thoroughly 
washed, dried, very gently ignited in a platinum crucible, and 
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tile above process of treatment with hydrofluoric acid, etc., 
y repeated. 

ThQ original grinding in the agate mortar should be so thorough 
that further grinding at this stage should be unnecessary, as it 
might involve loss. In the case of materials such as limestone, etc. , 
the bulk of which can be readily dissolved, the method is modified, 
in that the material is first digested with hydrochloric acid; 
the insoluble portion is then treated as above and added to the 
main solution. 

The iron, alumina, and manganese arc removed by the addition 
of bromine and ammonia, and a short digestion. The precipitate 
is filtered off and thoroughly washed. Ammonia is added to the 
filtrate and the whole boiled. Ammonium oxalate is added 
and the whole boiled up again. After the precipitate has been 
allowed to settle, the calcium oxalate is filtered off, washed 
thoroughly, and the filtrate gently evaporated to a low bulk. 
The basin is then covered, sufficient nitric acid added to 
destroy the ammonium salts, and, whilst still covered, the whole 
is evaporated till just dry, or till fumes of sulphuric acid appear. 
After cooling, the residue is taken up in 2 or 3 c.c. of hydrochloric 
acid and a little water, and gently evaporated to a low bulk. 
The solution is diluted, a small excess of a clear solution of barium 
hydrate added, and the whole digested for about half an hour, 
during which time a slight skin of barium carbonate should form 
on top, showing that an excess is present. The precipitate is 
filtered off and thoroughly washed ; the filtrate is digested with 
excess of ammonium carbonate, and the precipitated barium 
carbonate filtered off and washed. The filtrate is evaporated to 
small bulk on a water-bath, a few c.c. of hydrochloric acid are 
cautiously added, the whole transferred to a small platinum dish, 
and evaporated to dryness on a * water-bath. The residue is 
very gently ignited over an argand burner to drive off all the 
ammonium chloride, the crude alkali chlorides arc dissolved in a 
small quantity of water,, a drop or two of ammonium carbonate 
added, and digested for a minute or two, and the whole filtered 
off through a very small filter with thorough washing into a 
weighed platinum dish. The filtrate is evaporated on a water- 
bath, and the residue carefully ignited over an argand, cooled 
in a desiccator, and weighed. This is the weight of the pure 
alkali chlorides. 

As potash adheres very persistently to all the precipitates and 
filter-papers, it is absolutely essential that the washings should 
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be very thorough at all the various stages. It is better to have 
to remove traces of any slightly soluble precipitate such as 
magnesia from the crude alkali chlorides than to run the risk of ^ 
leaving some of the potash in the precipitates or filter-p^ipers. 

There are many methods for separating the mixed alkali 
chlorides, but only two need be described here : the fj^st being 
the old platinic chloride method, which still seems to be the 
best where accuracy is required, and the second the perchlorate 
method, which, if carefully carried out, is good enough for 
many ordinary purposes. 

(1) The Plaimic Chloride Method . — The alkali chlorides are 
dissolved in a small quantity of water (and should, of course, 
leave no residue), and sufficient platinic chloride added to com- 
bine with the whole of the potassium a'^d so*dium salts and leave 
a slight excess. The solution is evaporated on the water-bath till 
it begins to get pasty, then cooled, diluted with a sufficient 
quantity of 80 % alcohol (by volume) to take up the whole of the 
sodium salt, and allowed to stand for a few hours. If the quant ity 
of alkali is large, it is better to take up the pasty chlorides in a 
small measured quantity of hot water, cool, and add sufficient 
absolute alcohol to bring the final solution to 80 % by volume. 

The precipitate of potassium platinic chloride is filtered off, 
washed with 80 % alcohol till quite free from sodium salts, 
warmed to drive off the alcohol, and then dissolved by means of 
boiling water into a weighed platinum dish, evaporated to 
dryness, dried in an air oven, cooled and weighed. The weight 
of potassium platinic chloride obtained is multiplied by 0*19343 
to give the weight of potash (Ko^) present. The weight of 
potassium platinic chloride is also multiplied by 0*3068 to give 
the weight of potassium as chloride, and the difference between 
this and the weight of combined alkali chlorides gives the weight 
of sodium chloride. This shoftld be multiplied by 0*53027 to 
give the weight of soda (NaaO) present. 

(2) The Perchlorate Method . — ^The mixed chlorides arc dissolved 
in from 10-15 c.c. of hot water, and then perchloric acid is added 
to the extent of two or three times that which is theoretically 
necessary to precipitate the mixed perchlorates. The mixture 
is evaporated on a water- bath until fumes of perchloric acid 
begin to appear, when it is cooled, taken up in water, a c.c. or 
two of perchloric acid added, and the whole evaporated to fuming 
again, to ensure removal of hydrochloric acid. It is cooled, and 
about 20 c.c. of 96 % alcohol containing a small quantity of 
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perchloric acid (about 0*2 %) added. The mixture is stirred 
well, to allow** the potassium perchlorate, which should be 
granular, to settle, and filtered through a weighed Gooch’s 
crucible. The precipitate is washed by decantation two or three 
times, and then washed on to the filter with as little 
of the aicohol as possible, dried for about half an hour at 120° 
and weighed. The difference between this and the original 
weight gives the amount of potassium perchlorate present, 
and this multiplied by 0*33983 gives the weight of potash (KgO) 
present. The weight of potassium perchlorate is also multiplied 
by 0*5382 to give the weight of potassium chloride which is 
subtracted from that of the mixed alkalies to obtain the amount 
of sodium chloride, yiiich, on being multiplied by 0*53027, gives 
the quantity of soda (Na20) present. 

Sulphates . — i grm. of the finely-powdered sample is boiled 
with about 20 c.c. of hydrochloric acid (50 %), diluted, allowed 
to stand for an hour or two and the insoluble matter filtered off 
and washed. The filtrate is boiled and 5 c.c. of a saturated 
solution of barium chloride is added, and the whole boiled again 
for three to five minutes. The solution is allowed to stand for 
two or three hours, the precipitate filtered off through a double 
filter -paper, and washed with cold water. The precipitate of 
barium sulphate is dried, ignited and weighed. 

Pyrites , — i grm. of the finely-powdered sample is digested 
with 20-30 c.c. aqua regia (i part of nitric acid to 3 parts of 
hydrochloric acid), evaporated to small bulk and evaporated 
again to small bulk with hydrochloric acid to remove the remaining 
portion of nitric acid. The concentrated solution is diluted with 
about 100 c.c. of water (or more if there is much calcium sulphate 
present), and when all the soluble matter has dissolved, the 
residue is filtered off. The filtrate is boiled, 5 to 10 c.c. of a 
saturated solution of barium ch'ioridc added, the whole boiled 
for 3 to 5 minutes and allowed to stand for 2 to 3 hours. The 
precipitate of barium sulphate is filtered off through a double 
filter, washed with cold water, dried, ignited and weighed. As 
this precipitate will contain the whole of the sulphur present 
in the sample, whether as sulphate or as sulphide, it is necessary 
to subtract the weight of barium sulphate obtained by the 
previous method from the weight of this precipitate in order to 
obtain that due to sulphide. 

Carbon Dioxide , — If the material is calcareous, it may be 
necessary to estimate the carbon dioxide, and this may be done 
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in several ways. One of the simplest and most accurate methods 
is that described in detail under the heading of Limestone/' 
From I to 5 grms. of the material is wjighed out into a flask, 
which is then fitted to a purifying and drying-train. ’Hydro- 
chloric acid is added, and the whole boiled. The carbon dioxide , 
liberated is swept by means of a current of purified 'air through 
a solution of silver sulphate to remove hydrochloric acid gas, 
then through a sulphuric acid drying-tube, and thence into a 
weighed potash bulb, where the carbon dioxide is absorbed 
and can be weighed. By allowing the current of purified air to 
run for 10 to 15 minutes after the solution has been boiled, 
any carbon dioxide which had dissolved in the solution of silver 
sulphate, etc., will be displaced by air .and will be carried on 
into the potash bulb. 

Combined Water and Moisture . — In materials like clay, which 
is a hydrated silicate, it is sometimes necessary to differentiate 
between combined water and moisture. The latter is easily 
estimated by taking a weighed quantity of the material, which 
should be weU broken up, dried in an air oven at 110° C.~i20° C., 
cooled in a desiccator, and weighed. 

In most cases the combined water can be estimated by igniting 
a weighed portion of the sample at a dull red heat, coohng and 
weighing. In simple cases the difference in weight, after de- 
ducting that due to moisture, will be the amount of combined 
water present. In most cases, however, the matter is not so 
simple. Iron is often present in the ferrous state, and this will 
be oxidised to the ferric state and will make the combined water 
appear lower than it really is. Similarly, any carbon dioxide 
which may be driven off will cause an error, by making the, 
combined water appear too high. Pyrites may upset the result^ 
either way, according to whether it is completely roasted to oxide, ‘ 
or only to such a stage as will cause sulphate to be left behind. 

If it is necessary to estimate the combined water under these / 
conditions, the simplest method is to carry out the ignition in" 
a tube, and collect the water in a weighed U tube, containing , 
pumice and sulphuric acid. Of course, precautions must be taken , 
to prevent errors due to the products of the oxidation of pyrites 
coming over, and being weighed as water — e. g, mixing the 
material with two or three times its weight of gently ignited 
lead chromate before ignition 

Titanium . — Most raw materials contain only a trace or so of . 
titanium, and this can be neglected, as it will distribute itself , 
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between the precipitates of silica and alumina, etc* If, however, 
it should be large, it should be estimated. An absolute guide 
oan always be found in the residue from the hydrofluoric acid 
treatm6«t of the silica described above. If the residue is at all 
large, it should be examined for titanium, and if present, the 
total titaniim should be estimated. From i to 2 grms. of the 
finely-ground sample is digested in a platinum crucible with 
hydrofluoric acid and a drop or two of sulphuric acid, and then 
gently evaporated until the free sulphuric acid has been fumed 
off. Cool and fuse the residue with about five times its weight 
of sodium carbonate. If there is much calcareous matter 
present, it is better to remove it at this stage by digesting 
the residue from the acids with a little hydrochloric acid, 
diluting and precipitating with ammonia as usual. This 
precipitate, which contains the alumina, titanium, etc,, is dried, 
ignited and fused with sodium carbonate. The fused mass is 
allowed to cool, transferred to a beaker, dissolved in 150 to 
200 c.c. of hot water and boiled for a few minutes. By this 
means the alumina is dissolved, while the sodium titanate and 
the iron oxide remain insoluble. This is filtered off, and the 
residue washed, dried, ignited and fused with ten to fifteen 
times its weight of potassium bisulphate until it is quite clear. 
After cooling it is transferred to a beaker, and dissolved in the 
cold, in 150 to 200 c.c. of water saturated with sulphur dioxide. 
A httle sulphuric acid or liydrochloric acid may be added 
at this stage to clear the solution. Ammonia is then added 
to bring it to the neutral point, and a drop or two of hydro- 
chloric acid to keep the solution clear. About 10 to 20 grms. 
of sodium acetate dissolved in a little water is added, and 
this is followed by about 30 to 40 c.c. of acetic acid, and the 
whole boiled for a few minutes. Under these conditions the 
whole of the titanic oxide comes down in a flocculent condition, 
which can be easily filtered. The iron remains in solution, 
unless it is allowed to oxidise by unduly prolonged boiling or 
filtering. For this reason the solution containing the precipitated 
titanic acid should be allowed to stand only just long enough to 
let the pirecipitate settle, and then rapidly filtered off through 
a fairly large filter-paper, and washed with hot water acidulated 
with acetic acid, and as the original solution was saturated with 
salts the washing must be thorough. The precipitate is ignited 
and weighed as titanic oxide. If the precipitate is coloured 
through the presence of iron, or is sintered because the sodium 
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salts have not been completely removed, it should be fused in 
potassium bisulphate again and the process repeated. 

In the main analysis some of the titanium appears with thc^ 
silica, and the rest with the ammonia precipitate. The corfcction 
for titanium is therefore made by adding the weight of the 
residue from the silica to the total ammonia precipitate and 
subtracting the titanic acid from this. If the alumina and iron 
oxide arc separated by means of soda, practically all the titanium 
will be with the iron, whilst if the iron is estimated by per- 
manganate, the titanium will scarcely affect the titration under 
ordinary conditions. 

Sand . — The sample is finely ground and analysi^d as described 
under clay. Owing to the fact that it euAsists almost entirely 
of silica, its fusion with sodium carbonate; takes place readily. 
Just one note of warning may be advisable. The small iron 
and alumina precipitate will probably contain a large proportion 
of iron, and should not be ignited at loo high a temperature lest 
the ferric oxide (FC2O3) be reduced to the magnetic oxide tFc304). 

If it is not necessary actually to estimate the silica, a much 
quicker method is to digest the finely-ground sand with hydro- 
fluoric acid and a drop or two of sulphuric acid, in order to remove 
the silica. After cvajwration to fuming, to remove the hydro- 
fluoric acid, the small residue of anhydrous sulphates may be 
taken up in hydrochloric acid and analysed. 

Portland Cement 

(i) For Silica and Chief Bases.- — 0*5 grm. is placed in a shallow 
dish about 6 in. in diameter, swirled round with a few c.c. of 
water until thoroughly mixed. About 20 c.c. of hydrochloric 
acid of sp. gr. 115 arc added, ai^d the swirling continued for a few 
minutes. The cement is thus dissolved almost completely, and 
no silica is precipitated. The dish with its contents is placed 
on a hot plate, taken to dryness, covered with a clock-glass, and 
baked on a triangle at a temperature of at least 200° C. for an 
hour. This part of the procedure is essential. Silica can be 
rendered insoluble when it is spread out in a thin, even film and 
heated in this manner. 

The residue obtained on evaporation in the manner described 
is digested with about 30 c.c. of hydrochloric acid of sp. gr. 1*15, 
and the silica, together with the insoluble residue, is filtered off. 
The filtrate is returned to the dish in which the cement was 
N 
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dissolved, and an excess of ammonia added. The solution 
in the dish is gently heated until nearly all the excess of ammonia 
**'has been driven off. This stage is one of some delicacy. The 
removal of the excess of ammonia is necessary to ensure the 
precipitation of the whole of the alumina : also the evaporation 
must not be pushed too far, else some alumina may redissolve. 
No guide is so reliable as a well-trained nose. Wlien properly 
conducted the separation is exact, the whole of the alumina and 
ferric oxide is precipitated, and the precipitate is free from 
lime. 

The filtrate from the alumina and ferric oxide is collected 
into a beaker, and to it about 25 c.c. of ammonia (containing 
half its volume of solution of o‘88o sp. gr.) is added. The mixture 
is brought to its boiling-point, and 25 c.c. of a 4 % solution of 
ammonium oxalate is poured in. The precipitated calcium 
oxalate is boiled for two or three minutes, allowed to settle for 
about an hour, and then filtered. The operation, if properly 
conducted, will separate all but a very trifling proportion of the 
lime, and the precipitate will be free from magnesia. The 
possible remnant of lime is recovered at the next operation. 

The filtrate from the calcium oxalate is evaporated in a porce- 
lain dish until a pasty residue is obtained, 40-50 c.c. of nitric 
acid (sp. gr. 1*4) is added, the dish covered, and the heating 
continued until the ammonium salts have been broken up and 
their products volatilised. 

The residue, after the destruction of ammonium salts, is dis- 
solved in a few c.c. of water and about six drops of hydrochloric 
acid of sp. gr. 1-15. Excess of ammonia and two drops of 
ammonium oxalate solution (4 %) arc added, and the mixture 
is heated. A small precipitate is obtained, which is filtered off. 
In ordinary routine work it usually weighs about 0*0015 grm., 
about two-thirds of which is silica, and the balance of alumina, 
ferric oxide, and lime. The two latter belong to the cement, 
and in specially close work must be separated and added to the 
values for the main’ precipitates. Under ordinary conditions 
this is scarcely necessary. The silica is most probably derived 
from the glass and porcelain vessels which have been used, 
and partly, perhaps, from the dust inevitable in a city atmo- 
sphere. It is better neglected. The filtrate from this small 
precipitate contains the whole, of the magnesia in concentrated 
solution, free from excess of ammonium salts and easy to pre- 
cipitate cleanly and completely. To obtain it, 10 c.c. of ammonia 
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(50 % of o* 88 o solution) and 2 c.c. of a 10 % solution of sodium 
phosphate are added. On shaking and standing for two ho^rs 
a wcll-crystalliscd precipitate is obtained, .which is filtered ard 
washed with ammonia (25 % of o'88o solution). Thc^A^arious 
precipitates are dealt with as follows — 

The silica and insoluble residue, the alumina and ferric oxide, 
and the lime as calcium oxalate, are dried and placed, together 
with their filter-papers, in platinum crucibles and burnt off gently 
at the mouth of a gas muffle ; when the paper is consumed and 
the calcium oxalate decomposed to carbonate or thereabouts, 
the three crucibles are placed inside the muffle and ignited at 
the full temperature attainable (about 1,050° C.) for one hour. 
Two sets of precipitates are commonly worked off in a single 
muffle. 

By this means all are brought to the state of anhydrous oxides, 
and, except in rare cases, need no re-ignition. The magnesium 
ammonium phosphate is burnt off moist in its filter-paper in 
]X)rcelain at the mouth of the muffle, brushed out, and weighed 
as pyrophosphate. 

(2) For Insoluble Residue and Sulphuric Anhydride. — A 
second portion of 0*5 grm. of cement is decomposed as before, 
and ('vaporated to dryness in the same way. As it is not intended 
for the determination of silica, there is no need to bake the residue. 
The contents of the dish are taken up in 10-15 c.c. of hydrochloric 
acid of sp. gr. 1-15 and filtered, leaving as much as possible of 
the residue in the dish. The silica on the filter is washed back 
into the dish and digested with a saturated solution of sodium 
carbonate. The whole of the silica active and useful in the 
cement is dissolved, and the inert silicates are left. 

This insoluble residue is thoroughly washed, ignited at 
till* mouth of a gas muffle and weighed, and the weight is 
deducted from that of the Silica plus insoluble residue obtained 
from the previous portion, thus giving the quantity of combined 
effective silica. 

The original acid solution from the second portion of 0*5 grm. 
is precipitated with 5 c.c. of a saturated solution of barium 
chloride at the boiling temperature. The boiling is continued 
for about three minutes, and a^tcr standing for one or two hours, 
the solution is filtered and the barium sulphate, together with the 
filter-paper, is ignited at the mouth of a gas muffle and weighed. 

(3) For Loss on Ignition; Carbonic Anhydride and Water . — 
0*5 grm. of the cement is ignited in platinum for half an hour in 
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a gas muffle at a temperature of about 800® C. If this temper- 
ature is exceeded there may be a loss of sulphuric anhydride. 

, (4) For Carbonic Anhydride. — 2 to 5 grms., according to the 
characi^r of the cement, are decomposed with hydrochloric acid 
in the ordinary manner, and the carbonic anhydride, after purilica- 
tion through a silver sulphate tube and drying, as usual, is 
collected in a weighed potash bulb. 

(5) For Alkalies. — i grm. of the cement is decomposed with 
hydrochloric acid in the way already described, and the silica 
and chief bases got out as usual. The ammonium salts are 
destroyed with nitric acid, and the final residue, containing 
magnesia and alkalies, is treated with baryta and afterwards 
with ammonium carbonate, and the alkalies are converted into 
chloride, weighed as such, and separated by the use of platinum 
chloride, as described on p. 171. 

(6) Separation of Alumina and Ferric Oxide. — This may be 
carried out on the mixed precipitate after ignition,, or on a 
separate portion of cement. In the former case the precipitate 
is fused with potassium bisulphate and the melt dissolved in 
hydrochloric acid. The solution is precipitated with ammonia, 
dissolved in hydrochloric acid, the solution concentrati^d, and 
poured into excess of caustic soda (prep^ed from the metal) . The 
alkaline solution is heated to near boiling, to ensure the dissolu- 
tion of the alumina. 7 'he operation is best conducted in platinum. 
The solution is diluted so as to allow it to be filtered through 
paper, and the ferric oxide collected, dissolved in hydrochloric 
acid, and precipitated with ammonia, filtered, ignited and 
weighed. The ignition may be performed over a bunseri burner, 
as there is not the same difficulty in completely dehydrating 
ferric oxide as there is with alumina. If desired, and as a 
check, the alumina is recovered from the caustic soda solution. 

It is generally more convenient lo obtain the joint ammonia 
precipitate from another portion of the cement, and to separate 
the ferric oxide and alumina in this by the caustic soda process ; 
the bisulphatc fusion and recovery of the oxides from the melt 
are thus avoided. In the event of manganese being present 
in sensible amount, as it is in Roman and Medina cements, and 
in cements made from blast-fum;jcc slag or adulterated with the 
same material, the ammonia precipitation must be carried out 
in the presence of bromine. By using a little bromine throughout , 
the manganese finally appears with the iron, and can be satis- 
factorily separated by a basic acetate precipitation. 
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A more rapid determination of iron, sufficiently accurate 
all practical purposes, may be made as foilows : i grm. of ceme; t 
is treated with water and dissolved by the addition of a Jew c.c. 
of hydrochloric acid in a small conical flask. After solution, 
3-4 grms. of pure granulated zinc (free from iron) are^added and 
the flask closed with a cork fitted with a bimsen valve. When 
all the iron has been reduced to the ferrous state, and the zinc 
dissolved, the cooled solution is poured into 200-300 c.c. air- 
free distilled water, excess of sulphuric acid added, and titrated 
N 

with KMn04 solution. Since the reagents used are never 

absolutely free from iron, it is advisable to make a blank deter- 
mination under exactly the same conditions prevailing in the 
actual estimation, and make a correction for this. 

(7) For Sulphides , — In general, these are present in such 
small quantity that they may be ignored. They are, however, 
of more importance when slag products are treated. The best 
process is to dissolve the cement in hydrochloric acid in an atmo- 
sphere of coal gas, and collect the sulphuretted hydrogen in lead 
acetate solution, finally weighing the precipitated sulphide as 
lead sul])hatc. 

These details of analytical methods have been given at some 
length, as they are the outcome of much practical experience, 
and if followed carefully will give accurate results. The principles 
are, of course, known to every chemist, but small practical 
methods of procedure carefully described may prevTiit grave 
errors. 



CHAPTER IX 

CHEMISTRY OF PORTLAND CEMENT 

A LARGE amount of very valuable work has been done by many 
investigators on the chemistry of cement. The analytical side 
and mechanical testin'g of cement have been already dealt with 
in a foregoing part of this book, and it remains to consider the 
chemistry proper of cement. This is still unsettled, but what 
follows is based on the researches of Henri Lc Chatelier, whose 
book on The Constitution of Hydraulic Mortars (translated by 
Joseph Lathrop Mack) remains a classic. Although the original 
work was done in 1887, it has been repeatedly criticised and 
revised, so that it may be taken as the basis of our modern 
knowledge of cements. The mode in which the building up of 
current theory has taken place may well be illustrated by 
quotations from Lc Chatelier’ s original memoir. 

The fundamental idea concerning the mode of setting of cement 
is best expressed in Le Chatelier’ s work on plaster of Paris. It is 
made clear by the following paragraph. 

" The physical phenomenon of the crystallisation of plaster 
during its setting would then be as follows : calcined plaster is 
hydrated in contact with the water, which has been used to temper 
it, and gives a solution which soon, allows the hydrated sulphate 
to crystallise, and then becomes able to dissolve new quantities 
of dehydrated sulphate. The phenomenon continues in this 
manner until the complete hydration and crystallisation of the 
plaster. Indeed, these two contrary actions occur simultaneously 
at adjacent points. A continuous solution of new quantities of 
plaster compensates for the impoverishment of the liquor resulting 
from the equally continuous deiiosition of the hydrated crystals. 
The degree of concentration at which the solution is maintained 
depends upon the relative speed of these two contrary pheno- 
mena. Wlien the hydration is very slow, the supersaturation is 
weak. When it is rapid, on the contrary, the supersaturation 
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If this explanation is the trae one, it must follow that the points 
where the hydrated crystals deposit are not necessarily in the pla^ 
occupied by the grains of plaster. This is what has been c(^ , 
firmed by following the hydration under the microscope, ^’^arge , 
needles are seen to form in the middle of the voids filled with 
water. ' • 

It is comparatively easy to prepare definite anhydrous and 
hydrated silicates of barium, and the work done on these has been 
a useful stepping-stone to that on calcium silicates, which mostly 
concern us. The preliminary work in Le Chatelier’s experiments 
relates to such matters as the dissociation of calcium carbonate, 
and although of great value as leading up to the preparation of 
Portland cement, would be out of place here, where the brochure 
mentioned above is readily accessible. But when we come to 
the description of the reactions actually occurring in the manu- 
facture of Portland cement, the matter is somewhat different. 

I may say at once that I have not been able to make up my mind 
completely on this point, and therefore the only rf'ason?ble 
course is to record the best opinion. Dismissing the work of the 
earlier experimenters, I come to Le Chatclier’s own views, and 
quote a portion of his statements. 

Simple Calcium Silicates — Anhydrous Silicates 

" SiOg'CaO. — This silicate has been known for a long time. It 
exists in nature, where it has been called woUastonite ; it has 
been produced by different means in the laboratory. I have 
prepared it by fusing a mixture of lime and silica in suitable 
proportions in a common plumbago crucible, A very hard mass, 
with crystalline fracture and full of cavities, is obtained. When 
examined in a thin plate in the polarising microscope, it is dis- 
covered that the crystals arc present in thin, wide plates, which, 
viewed through their edge, sliow a very strong double refraction, 
and, on the contrary, viewed through their depth, a very weak 
double refraction, if any. 

“ This silicate, when finely pulverised ^and digested in the cold 
for several days, in pure water, in solutions of ammoniacal salts, 
or in lime water, does not undergo any kind of alteration, which 
demonstrates that it cannot take any part in the normal hardening 
of cements. It is rapidly attacked by the strong acids with the 
production of gelatinous silicr-^* it is slowly attacked by the weak 
acids such as carbonic acid. Tempered with water, charged with 
carbonic acid and left in an atmosphere of carbonic acid, it sets 
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completely. This fact has also been observed by M. Landrin, 
a^d has been the basis for one of his theories upon the set of 
^anents. « 

" Si02*2Ca0. — The compound corresponding to this formula 
ought to belong to the family of peridotes ; it does not exist in 
nature, and has not been obtained until now in the laboratory. 

" I have produced it by the direct fusion of silica and lime in 
suitable pro])ortions. The temperature necessary to obtain the 
fusion is near the melting-point of wrought-iron. A mass is thus 
obtained which, withdrawn quite hot from the crucible, is compact, 
very hard, and can only be broken with difficulty by the hammer. 

On the contrary, on letting the crucible cool before opening it, 
only a white pulverulent mass is found, identical in appearance 
with the mixture experimented upon. The combination is none 
the less complete because the action of acids gives immediately 
a deposit of gelatinous sihea. The fact is that during the cooling 
a very interesting phenomenon occurred, which can be observed 
by leaving in the air the mass which was taken out of the crucible 
while quite hot. The mass, absolutely compact at first, is seen 
to crack gradually, to swell up, to disintegrate progressively, and 
finally to be reduced to a white powder like slaked lime in appear- 
ance. When examined under the microscope, this powder is 
formed of prismatic fragments with weak double refraction dimin- 
ishing in the direction of their greatest length, and sometimes 
showing fine strix' follow mg this direction. 

“ This jdienornenon ot spontaneous pulverisation has long 
been known in the metallurgy of iron : it is observed with all 
blast-furnace slags which are sufficiently calcareous. Hitherto, 
this pulverisation has been attributed to the action of the atmo- 
spheric moisture, which leads to a slaking of slags by hydration 
as it does with quick-lime. The same phenomenon is also 
ob.servcd in the manufacture of Portland cement. Frequently, 
fragments of cement clinker withdrawn while hot from fire are 
seen to pulverise at the end of a certain time. This transforma- 
tion would be accompanied by a disengagement of heat, manifested 
in the dark by a new incandescence of the already cooled material. 
The value of this powder as cement is very slight, therefore its 
production is an important cause* of loss in manufacture. The 
study of this question thus has a direct interest at this point. 

“ I began by assuring myself that this property belonged to the 
siheate Si 02 ' 2 Ca 0 , and only to it, and consequently the spontane- 
ous pulverisation in cements and slags is a certain indication of 
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the presence of this compound. By varying the relative propoy- 
tions of silica and lime submitted to fusion, it is proven that^jc 
pulverisation is the more slow and incomplete the more th/. com- 
position corresponding to the formula above is dop;irttfl from. 
The mixture SiOa'iJCaO gives some unpu^crised fragrnents large 
enough to enable thin sections to be cut from them. The very 
brilliant edges, with very strong double refraction, indicate the 
presence of wollastonite. This shows in passing that the puzzo- 
portland of M. Landrin docs not exist as a definite product, and 
that it is only a mixture of the two silicates SiOa'CaO and 
Si 02 ‘ 2 Ca 0 , both of which keep their individual properties. 
By re])lacing part of the lime in the compound Si02'2Ca0 by 
magnesia, its pulverisation is age in cikniihshed. For equal 
molecular ratios of lime and magnesia a mass is obtained which 
remains absolutely compact, hard and clearly crystallised : it 
is monticellite (CaMgSi 04 ). The addition of alumina and iron 
oxide also diminishes the pulverisation. Thus it is that blast- 
furnace slags often require many days to disintegrate, and only 
occasionally give a coarse sand, very different from the impalpable 
meal produced by the pure calcium peridote.” 

Researches on grappiers, which are the hard core left when some 
cement-making materials of the hydraulic lime class are burnt 
and ground, gave Le Chatelier the notion that it is possible to 
prepare tricalciurn silicate, and that that would be established as 
the essential constituent of Portland cement. His words are : 
" SiOj'jCaO. — Tri-basic silicates of protoxides are unknown ; 
however, some analyses of grappiers, or hard- burned lumps from 
siliceous hydraulic limes, have led me to foresee the existence of 
a silicate corresponding to the formula given above. But for a 
long time all ray attempts to prove it synthetically have remained 
fruitless. The calcination of a^ixturc of silica and lime lias given 
me only a mixture of calcium silicates and free lime. This latter 
is recognised by the rapid disengagement of heat, and by the slak- 
ing produced by the action of water. But after slaking, the 
pulverulent mass, tempered with water, sets more or less slowly, 
thus behaving like a true hydraulic lime. This seems to indicate 
that among the silicates obtained there must be one which is 
different from the silicates previously studied. But this indica- 
tion is too slight to base any conclusion upon. 

“ I have hoped to obtain the best results by approximating 
the practical conditions of the manufacture of these cements; 
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is to say, by.using a flux to facilitate the reaction of the silica 
lime. Calcium ^chloride was clearly indicated by its great 
fusibility and its solubility in water and alcohol, which ought to 
allow ifs easy separation from the crystals. By using an excess 
of calciunj chloride, I i have obtained very pretty crystals, un- 
changed by alcohol, but very easily changed by water. These 
ought, therefore, to be crystals of cement. 

“ Chemical analysis showed me that, instead, 1 was dealing 
with a calcium chlor-silicate — 

“ I then had the idea of starting from the calcium chlor-silicate 
previously obtahied, and decomposing it by water vapour at a 
temperature above 450” C., the normal dissociation temperature 
of calcium hydrate. 1 obtained in this way the reaction — 

SiO,*2CaO-CaCl2 -f H .,0 = SiO./3Ca() + 2HCI. 

“ The decomposition is very slow and remains superficial. 
The mass must be pulverised repeatedly in order to obtain a 
nearly complete elimination of chloride. The purest pioduct 
thus prepared had the composition. 

Oi)s<Tvca. Cal'. iil.i ted. 

SiOg (by clifferonc e) . . . .'0*7 

CaC) (tested alkalinietrically) . 72 u 737 

CaCb (tested by silver) . . i'2 — 

100*0 lOO'O 

" This is a pulverulent mass, showing no (.'vident trace of crystal- 
lisation : it is not, therefore, possible to establish by fixed charac- 
teristics if we arc really dealing with a definite compound, and 
consequently if it is identical with crystals of cement. But by finely 
pulverising this mass, tempering it with water and allowing it 
to harden in boiling watc‘r, there i» obtained, at the end of eight 
days, briquettes which are comparable in hardness to those of 
cement, and showing no trace of swelling or cracking. This 
absence of swelling is a certain indication of the absence of free 
lime (because, in fact, if we added only i % of strongly calcined 
free lime to a cement of good quality which does not swell in cold 
water, we observe a considerable cracking and a swelling of volume 
of about 10 %). This characteristic, together with the property 
of setting which none of the lower silicates possess, shows clearly 
that we have to do with a compound and not a simple mixture 
whose properties would simply be the sum of those of the mixed 
bodies." 
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Various calcium aluminates have been prepared, such 1^. 
CaO-AlgOg, 3Ca0-2Al203 and sCaO'AlaOg. and their products^o^ 
hydration are found capable of setting. ^ 

Going back to the original view that j^uch hydratabfe sub- 
stances set by alternately forming supers/urated solutions, then 
depositing crystals, and so proceeding on unhydrated materials 
in the same way — a view accepted as true for plaster of Paris — I 
find little direct evidence that this progressive hydration holds 
for any of the essential constituents of Portland cement, particu- 
larly of the most important 3Ca0‘Si02. 

It may be interesting to trace the progressive movements of 
thought. Le Chatelicr’ s early work, whicli is really the foundation 
of our knowledge, has been referred U>. 

In if)o6, 1 read a paper before the Society of Chemical Industry, 
part of which I transcribe—- 

“ The two chief methods which have been successfully employed 
in investigating the chemistry of cement arc the synthetic and the 
microscopical. All analytical methods have failed, as they have 
failed when applied to the determination of the proximate com- 
position of natural rocks. P>y synthesis three calcium silicates, 
CaOSiOg, 2Ca0Si02, 3Ca0Si02, have been prepared and are recog- 
nised as individual bodies; the four aluminates, Ca0Al203, 
3Ca02Al203, 2Ca0Al203 and 3Ca0A1.203, have similarly been pre- 
pared and identified. It is generally accepted that of these, 
tricalcium silicate, 3Ca0Si02, is the essential constituent of Port- 
land cement. The constituent of next importance is a basic 
aluminate, but there is still some difference of opinion as to whether 
this body should be represented by the formula 3Ca0Al203 or 
2Ca0Al.>03. The remaining silicates and aluminates arc of minor 
moment, and their presence m Portland-cement clinker may be 
regarded as due to the natural imperfection of the raw materials 
employed and the limitation of the means of uniting these raw 
materials under the conditions of manufacture at present obtain- 
ing. In short, if a mixture of tricalcium silicate and tri- (or di-) 
calcium aluminate in suitable proportions could be industrially 
prepared, it would be an ideal c^iment. The silicates and alumin- 
ates going to make up commercial Portland-cement clinker, 
whether essential or subsidiaIy^ are not necessarily present in the 
clinker as separate individuals. There is good reason to believe 
that they exist as solid solutions, and that these solid solutions 
may have been mingled whilst the clinker was plastic, and have 
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!^parated out v'hcn it cooled. The two chief minerals which 
,h^;e been recognised in cement clinker have received the names 
alite ^nd celite, and, according to the best current knowledge, 
consist' respectively of a solid solution of tricalcium aluminate 
in tricalcinm silicate, aV d one of dicaldum aluminate in dicalcium 
silicate. Of these two substances, alite alone is of value in the 
setting of the cement. It is generally accepted that in normal 
Portland-cement clinker containing only moderate quantities 
of ferric oxide, magnesia, and alkalies, these minor constituents 
play quite a subsidiary part. No doubt they contribute to the 
fusible magma from which the main minerals crystallise, but the 
fact that what is truly Portland cement can be prepared from , 
materials in which they are absent is sufficient proof of their 
relative insignificance. Wdiether any modification of this very 
clear and simple view of the constitution of Portland-cement 
clinker may later be found necessary or not, it is in my judgment 
the nearest approach to the truth yet obtained, and on account 
of its philosophic basis, no less than because of its experimental 
foundation, it is as far in advance of the explanations current 
twenty years ago concerning the chemistry of cement as the 
manufacture of to-day is ahead of that at the same earlier 
date. 

"It will be observed that this theory does not necessarily 
apply to cements, such as Roman cement, less basic than Portland 
cement, or containing substantial quantities of constituents 
which are subsidiary in Portland cement, as, for example, natural 
cements rich in magnesia . Each of these will have to be examined 
on its merits, but although the inquiry will be far from a repetition 
of the Portland-cement investigation, yet its successful prosecution 
will be greatly aided by the knowledge already at our disposal. 

" Correspondingly with the establishment of a good working 
hypothesis of the constitution of Portland-cement clinker, has 
grown a reasonable explanation of the chief changes which occur 
when Portland cement sets, and it may fairly be said that this 
explanation has been reached during the period with which I am 
dealing. The underlying idea is derived from researches on the 
setting of plaster of Paris which is known to be due to the dissolu- 
tion of a more soluble form of calcium sulphate and the deposition 
of a less soluble form in felted crystals, the dissolution and deposi- 
tion being successively accomplished by the agency of a quantity 
of water, small relatively to the mass of solid matter dissolved and 

dmn«;ifpH Till's iVlpn ran Kp annIipH fn flinisP rnn«:t ifnpnffs nf 
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Portland cement which are soluble in water and will form hydrated 
crystalline products, provided that the substances dissolved haV. 
a transient greater solubility than the substances deposited 
Now, in Portland cement the most important constituent,* alite 
(i. e. a solid solution of tricalcium aluminatain tricalcium silicate), 
is affected by water; and celite, the sc^nd large constituent, 
is but little influenced. Alite, when acted on by w^\ter, is decom- 
posed according to the equation- - 

n(2(3CaOSiOJ m(3Ca0Al203) -}- n(9n20) -f m(i2H20) = 

n(2(Ca0Si02) sILO) -j- n(4Ca0H20) -f in{ 3 (Ca 0 Al 203 ) 12 H 2 O) 

n and m being written in merely to recall the fact that alite may 
contain various proportions of its t”’o components, tricalcium 
silicate and tricalcium aluminate. It is believt'd that the trical- 
ciuin aluminate, once ]iberat('d from its solid solution in tricalcium 
silicate, goes through the stages of hydration, dissolution in a more 
soluble form, and deposition in a less soluble form, by the action 
of a relatively small quantity of water as an intemiediary,^ 
precisely as does hemihydrated calcium sulphate when plaster of 
Paris sets. The behaviour of the tricalciiim silicate is not quite so 
simple. On liberation from its solid solution it is decomposed, 
yielding hydrated monocalcium silicate and calcium hydi oxide. 
Both crystallise and form a hard coherent mass. It must be 
assumed that one or both substances possess two degrees of solu- 
bility if the plaster hypothesis is to be used. Unfortunately, 
there is not, as far as I know, any direct evidence on this question. 
The dual solubility of liydrated monocalcium silicate has not 
been established, and that of calcium hydroxide, though it exists, 
is dependent on alteration of temperature, and is not a transient 
phenomenon occurring at the time of dissolution. It is possible 
that these two substances are mutual solvents, and communicate 
to each other the necessary property of transition from a higher 
unstaolc solubility to a lower stable solubility. If no proof of 
this is forthcoming, the plaster theory may^have to be displaced.” 

This was what I wrote in 1906. Later, the alite, belite and 
celite theory had been somewhat discounted, and I was asked to 
deliver a lecture before the Ilisfitute of Chemistry, in October 
1912, and append a few notes. 

* I do not know whcllicr any direct experim-ents on this point have been 
made. 
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** As it is impracticable to prepare Portland cement having 
"Nhe proportionsr indicated by the equation, 

' ^ _ C^O _ ^ 

SiOj + AijOj ' 3. 

on a manufacturing siiile, and to cause the acid and basic oxides 
there represented to unite perfectly, it is necessary that, to ensure 
the absence of uncombined lime, the acid oxides should be some- 
what in excess and the ratio given be slightly below 3. It follows 
that in addition to tricalcium silicate and tricalcinrn aluminate, 
there will necessarily be present a lower silicate, namely, the 
orthosilicate 2(la0'Si02, and probably a lower aluminate (e. g. 
5Ca0‘3AL03 and CaO'AlgOa) and, in addition, such minor constitu- 
ents as magnesia and oxide of iron, free or combined. We know 
too little of the rate at which union of the chief basic and acid 
oxides can be induced to take place at a merely sintering temper- 
ature to allow us to do more than approach the limit set above, 
but it is reasonable to conclude that the closer the approximation 
the better the product. As an example may be given the per- 
centage composition of a cement composf'd of tricalcium silicate, 
tricalcium aluminate and dicalcium silicate in such proportions 
that an ample supply of alumina is present (5 %) to induce the 
formation of tricaleium silicate, and that the ratio of acid to basic 
oxides shall not exceed i : 2 9 is — 


Pe’ criit. Curcspondiiig with iVrcpnt. 

SiOg .... ^.CaO'SiC'g . . 79'ii 

AljOj .... 5*oci ^Ca()-Al.,63 . . i ^23 

CaO .... 71-51 2CaC>Si6., . . 7-60 


lOO'OO 100-00 


“ A cement of this composition W'ould terrify the average 
user ; but, according to the best knowledge wc now jrosscss, it 
would be perfectly safe and of admirable quality. 

“ In like manner, if a cement be constructed consisting of 
20 equivalents of tricalcium silicate, i of tricalcium aluminate 
and I of dicalcium silicate, it will have the ultimate composition — 

Per CMit. 

SiOg . . . • . 25*19 

AlgOa .... 2*04 
CaO .... 72-77 


lOO'OO 
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an even more blood-curdling compound, but one which quite 
possibly could be made, and, if made, could certainly be so^kijf 
used. i , ^ . 

“ The chemical changes accompanying the setting of Portland 
cement have been the subject of almost |is much study and dis- 
pute as has the constitution of the ceme^st itself. TwA views are 
now current and worthy of attention. The first is that the 
cementitious calcium silicates and calcium aluminates arc hydrated 
and caused to crystallise in the same way as that generally 
accepted to be true of plaster of Paris — that is, the water used in 
gauging dissolves a portion of these bodies and forms a super- 
saturated solution which then deposits crystals of tlu'. hydrated 
compounds and renders the water competent to dissolve another 
portion of the anhydrous substances, again to form a super- 
saturated solution, and again to deposit crystals. Now that 
tricalcium silicate has been rehabilitated, no better representation 
can be given than that shown by the original ecpiations of Le 
Chatelicr— 

aCaO'SiOa -f- Aq Ca0-Si02'2.lH,C) -f 2 Ca(OH )2 
and 

aCaO ALOa + Ca(OH)2 + Aq - ^Ca 0 'Al 203 ’i 2 H 20 . 

“It will be observed that in the act of setting, two-thirds of 
the whole of the lime pertaining to the tricalcium silicate is set 
free, and that, even allowing for the combination of a part of this 
with tricalciuin aluminate to form the tetra calcium aluminate 
(hydrated), there will be a substantial quantity over, as in fact 
there is. 

“It must not be assumed that there has been rigorous proof 
of all stages of this explanation, but it is consonant with those 
facts which arc known, and is based on the careful and conclusive 
work which has been done on the setting of plaster of Paris. 

“ The second view of the setting of Portland cement is sharply 
differentiated from the foregoing in that the essentially cementi- 
tious product is believed to be a ‘ gel,’ and depends on the observa- 
tion that when the hydration of fmely-powdered cement is watched 
under the microscope gelatinous products are formed which are 
regarded as hydrated calciura silicates and aluminates in a colloidal 
condition. That gels are formed is indicated by their power to 
absorb dyes and become stained, and it is considered that in pro- 
cess of time they take up lime set free by the gradual hydration 
of the calcium silicate and become indurated. 
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" It is not an agreeable position to be in when one finds oneself 
uftable to pronounce a definite opinion on two hypotheses so differ- 
enf; but in this case I am forced to it because the data available 
on bot'n sides appear to me scanty, sketchy or inconclusive, and 
my own observations, r\ ade for some technical purpose and neces- 
sarily wori^e than sketcJ:y as a research, have led me to nothing 
worthy of your consideration. I incline to the crystalline theory, 
but then the notion of a kind of glue sticking things together — a 
cement within a cement — is very attractive. I could cite no 
better instance than this as an example of a matter of primary 
interest to a great industry, and still not decided by us chemists.’* 

A summary of recent views prepared entirely irrespective of 
the writer’s opinion may be ap])ended. 

My friend and late assistant, Mr. Gilbert. J. Alderton, B.Sc., 
F.I.C., was good enough to go through the latest literature, and I 
gladly acknowledge his help. This precis, bringing the date to 
1906, is as follows — 

Synthetical Investigation. — In view of the possibility of the 
formation of numerous solid solutions of varying composition, one 
must hesitate to accept outright the existence of definite 
chemical compounds of th'^ nature of silicates and aluminates ; 
but it seems reasonable to believe that the following compounds, 
at least, have been definitely prcpaied and examined — 

CaO'SiOa CaO'Al^O^ 

2CaO Si6^ (possibly .^CaO-2Si(),) 3Ca0‘2Al.>03 

3CaO-SiO“ ‘ 2Ca0*Al203 

3Ca0’Al203 

The existence of complicated so-called silico-aluminates seem 
to be questionable (Richardson has shown them to be solid 
solutions of indefinite composition). Various investigators — 
e. g. Zulkowski ^ and Meyer 2 — have assigned structural formulce to 
many of the above compounds, but we must hesitate to accept 
them in the present sta^e of our knowledge. The contention 
of Zulkowski and Meyer that there are two isomeric forms of 
the dicalcium silicate, 2CaO'Si()2, also needs experimental 
confirmation. . 

Newberry 3 states that Lc Chatelier, Rebuffat, Meyer, and 
Zulkowski were unsuccessful in preparing 3Ca0‘Si02, but only 

^ J. S. C. 1901-2. 2 'Tricalcium Silicate. Thonin Ztii, 1902. 

* The Constitution of Portland Cement. J, S. C, I., 1897. 
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mixtures or sdutions of free Ume in a lower silicate. It h^. 
however, been prepared by Newberry, Rohland 'and Richard^^J; 

This must be contrasted with the dciinilte statement of - 
Chatelier, based on very careful and detailed experimental Vork. 

Richardson^ seems to have proved Jhat various so-called 
complex silico-aluminates are not definitit compounds, 'but solid 
solutions of indefinite structure. » 

Various compounds of iron and magnesia, with lime and alumina, 
arc known to exist, but they are of minor importance. 

Constitution of FortJand Cement . — Microscopic work of Le 
Chatelier and Tomebohn has shown the existence of definite 
mineral constituents— alite, belite, celite, and felite, besides an 
amorphous mass. 

Portland cements are formed essentially of a calcium silicate 
differing but little from the formula 3Ca0'Si02, which is the active 
element of hardening and is produced by the chemical precipita- 
tion in the midst of a molten double silicate which has acted as a 
vehicle for the silica and lime, to allow them to combine but 
remaining sensibly neutral during their hardening. 

This original view of Le Chatelier’ s is the most reasonable one 
to-day and has been confirmed by numerous investigations of 
Meyer, Rebuffat, Michaclis and Ludwig. Finely-divided SiOg and 
CaO will combine at the temperature of the cement kiln, but the 
resulting silicate is not crystalline, is porous, and only hardens 
imperfectly with water. To obtain a dense crystalline silicate 
a sufficient temperature is necessary to fuse this compound. In 
the presence of other substances which act as a flux, such as AlgOs 
and FegOa, the silicate separates gradually from the more or 
less fusible mass in a crystalline fonn, which during cooling 
remains enveloped in a non-crystalline magma of indeterminable 
composition. • 

The work of Meyer, Ludwig, etc., has failed to clear up the 
constitution of the magma, and Le Chatelier’ s view is the most 
simple and reasonable. Newberry states, that “ without doubt 
the idea of Le Chatelier, Meyer and Ludwig that in commercial 
Portland cement the magma is a non-crystalline substance 
containing practically all the iro^ and alumma, and of a variable 
composition, is correct.” 

On the other hand, one or two observers do not agree with 
Le Chatelier and the rest, that sCaO’SiOg is the composition of the 

' Portland Cement as a solid solution. J. S. C. I., 1903. 

0 
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essential ccwistituent oi Portland cement. Rohland regards it 
as a sdlid solution of lime in a less basic silicate. Zulkowski 
vm^aintains that it i^ a mixture of inactive dicalcium orthosilicate 


\o/ No/ 


Ca a^.id active dicalcium silicate SiO; 


^OCas^ 

\0Ca/ 


O; 


the latter is hydraulic. According to Zulkowski, quick cooling 
forms the active hydraulic (the meta-silicatc), whilst slow cooling 
results in a mixture of the two isomers. This theory rests on 
somewhat feeble grounds, and lacks confinnation. 

According to Le Chatclicr, the principal aluminatc in Portland- 
cement clinker ‘is 3CaO‘Alo03, and it is on this point that the 
Newberrys differ most. The latter maintain that ALO3 exists 
mainly as 2CaO‘Al263, and give the following formula for pure 
Portland-cement clinker. 


x(3Ca0-Si02) + y( 2 Ca 0 *Al 203 ). 

The part played by FcgOg in Portland-cement clinker is not 
clearly understood. It evidently combines with lime like alumina, 
and its compounds are more fusible than those of alumina : 
fact, its function seems to be httle more than that of a flux to aid 
the combination of SiO./ ALOa and CaO. Ludwig states that iron 
exists in the ferrous state in Portland-ccmeiit clinker, and also 
that FcgOg never acts as an acid ; both statements are against 
practical experience. The whole question relative to the state 
of FcgOs and AI2O3 in cement demands new cxperinientat 
researches. 

FegOg plays an unimportant part in setting and hydration of 
Portland cement. 

Magnesia probably acts like lime, but is less active. The 
Newberrys neglect it in their calculations because they decided 
that it could not give a hydraulic product if present in cement. 
Zulkowski says that magnesia is undesirable because it hydrates 
with greater difficulty than CaO, and may give rise to fissures in 
well-worked cements. * He comes to the conclusion that it is only 
the free magnesia which is the cause of the evil. 

Physico-Chemical Theory. — ^I'he development of this theory 
by I^chardson, Rohland, etc., is a noteworthy feature of recent 
years, Richardson mentions that Portland-cement clinker can be 
satisfactorily explained as a heterogeneous solid solution. There 
are two main constituents of cement clinker which Richardson 
identifies with Tomebohn’s ahte and cehte. These are twq 
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solid solutions, of different degrees of basidty, which have, 
crystalhsed from a more or less mobile magma oh cooling, 

Alite = solid solution of 3Ca0 Al203 m 3Ca0*?i02 • 

Celite = „ „ „ aCaO'AlgCJg in 2Ca0‘Si02.* 

The character of the cement depends orf the relative proportions 
of the two materials and upon the degree of concehtration of the 
solutions of aluminates in the silicate. 

These solutions are produced by diffusion at a temperature 
below the melting-point of the components or of the resulting 
solid solution (sintering). The rapidity of diffusion is naturally 
dependent on the temperature, and probably on fineness of 
grinding. • 

Setting and Hardening . — In the main Le Chatelier’s theory is 
generally accepted. The process is essentially one of hydration. 
The aluminates and siheates first take up water and then undergo 
hydrolysis, calcium hydrate being set free, and a sohd residue of 
less basic hydrated aluminates and silicate remainihg, Ihe 
aluminates react most readily with water and bring about the 
initial set. The silicates react more slowly after setting has 
. occurred. In either case the aluminate or silicate dissolves in 
the water, first integrally, producing an unstable solution which 
• becomes saturated in the neighbourhood of the solid. Hydrolysis 
then takes place, and the Ca(OH)2 set free being in excess of that 
necessary to form a saturated solution, a portion crystallises out. 
Lc Chateher stated originally that the following hydrated salts were 
the only ones capable of existing in the presence of excess of lime-^ 

Si02-Ca0'2iH20 

Al203-4Ca0'i2H20 

Fc203’4Ca0-Aq., 

• 

and that these salts arc decomposed in the presence of a large 
excess of water, liberating lime. The reactions were represented 
by the equations — 

sCaO-AlsOs + Ca(OH)2 + 11H2O = 4Ca0-Al203-i2H20: 

3Ca0-Si02 + Aq. = Si02-Ca0-2iH20 + 2Ca(OH)2 ; 

he first equation representing the. setting and the second the 
hardening process. 

More recently, however, Candjot proved that the exact formula 
of the hydrated aluminate in set cement is 3Ca0'Al203*i2H20, 
and therefore that it is formed by direct hydration of the 
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tticaJcmm aluminate, and not with the addition of lime. Le 
Ch^telier has coipe to the conclusion that calcium ferrite has the 
lame composition as! the aluminate. 

Le Chatclier's theory may therefore be summarised in the two 
equations— T 

3CaOAl203 + 12H0O = 3Ca0'AU03*i2H20; 

2(3Ca0-Si02) + 9H2O = 2(Ca0-Si02)'5H20‘4Ca{0H)2; 

the initial set being due to the aluminate which hydrates and 
hardens like plaster, and the later hardening being due to the 
decomposition of the tricalcium silicate giving microscopic needles 
of mono-calcic silicate (hydrated) and large hexagonal plates of 
Ca(OH)2. 

Assuming Candlot’s formula for the hydrated aluminate to - 
be correct, and that, according to Newberry, the dicalciuin,,®i; 
aluminate is present in Portland-cement chnker, a possible 
representation of the setting process is — 

2Ca0 Al203 -t- Ca(OH)2 + iiHgO == 3Ca0‘Al203 -121120. 

The hydration of dicalcium aluminate has not been completely 
studied. 

If we accept the physico-chemical view of Richardson and 
Rohland, the hbove explanation only requires slight modiftcation. 

The stable equilibrium of the solid solution is upset by the 
addition of water and free lime is liberated, the aluminate being 
first decomposed. The water quickly becomes supersaturated 
with Ca{0H)2> and the latter crystallises in a network of crystals 
which binds the particles of undecomposed Portland cement 
'together. The initial set is due to the more rapid crystallisation 
of Ca( 0 H )2 from the aluminates. Subsequemt hardening is due 
to the slower liberation of lime from the silicates. If the lime is 
liberated more rapidly than it is possible for it to crystallise out 
from the water, expansion ensues, and the cement is not volume 
constant. Most of the lime needed for the setting is furnished by 
. the alite, the celite being stable in water. * 

The strength of Portland cement after setting is due entirel3| 
to the crystalUsation of Ca(0H)2 under certain favourable con- 
ditions, and not at ail to the hydration of the silicates or the 
aluminates, since in this act of hydration nothing can take place 
which would tend to bind these ^Uicates and aluminates together. 

As celite ( 2 CaO SiOa -f 2Ca0'Al203) is only decomposed 
. slightly in water, it should follow that the strongest cement 



CHEMISTRY OF PORTLAnD CEMENT igy 

corresponds to a minimum of celite or a mr ximum of alite. Thi^ 
is confirmed by experience — i. e. high lime cements, if thorougjily 
burnt, are strong. 

This view differs from Le Chatelier’s in Jhatit considers setting 
as due indirectly to the presence of silicate and alumjnates. 

According to Richardson, when celife is rich in aluminate, 
the cement is quick-setting. The rate of cooling probably 
affects the amount of celite formed. Increased amount of celite 
decreases " volume constancy.'* Since dicalcium aluminate lacks 
this property, Richardson has made cements in which A1 is 
replaced by Fe and Mn, Ca by Ba and Sr., SiOg by P2O5, etc. 
These cements were, however, not always volume constant. 
Industrially, the experiments are in^ ■'restkig in so far as they 
point to the fact that it might be possible to make a Portland- 
cement clinker, at a comparatively low temperature, from a 
siliceous ore of iron and a pure limestone. 

Richardson points out that fineness of grinding of the raw 
materials is accompanied by saving of fuel, and also in time 
necessary for exposure to a definite temperature. 

Unsoundness is generally attributed to free lime. Any lime not 
held in combination with SiO^ and AlgOg (or in solid solution) 
behaves like a sluggish quicklime, hydrating to an amorphous 
product undergoing the mechanical process of apparent expansion 
and bringing about cracking. 

Some people think that free lime is impossible in cement. 
Expansion is attributed to the formation of a “ vitreous, unstable, 
high-lime compound,” which hydrates so slowly that it may 
be months before visible hydration even commences; but the 
hydration is accompanied by enormous expansion. 

Hydration, Hardening and Setting of Cement— Rohland^ 
asserts that hydration reactions, whether organic or inorganic, 
take place spontaneously, and their velocity is very much affected 
by small quantities of foreign substances and by temperature. 
Hardening does not always accompany hydration (c. g. quicklime 
falls to powder) ; it is, therefore, due to sornc special circumstance. 
The author believes that a solid solution is formed in all cases 
in which hardening accompanies hydration. The catalytic 
acceleration or retardation of'hj^dration by salts is regarded as 
a result of a change of the solubility of the solid substance which 
is undergoing hydration. 

E. Jordis ^ adversely criticises the views of Rohland regarding, 

^ Zeit. Elektfochem,, 1904, 893-900. a Jbid., 1904, 938-940. 
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solution for 29 and 186 da5^, gave residues approaching the 
composition 3Ca0'SiO2*3H2O and 3Ca0*Si02*6H20. 

It mQ be seen from these excerpts that opinion has fluctuated 
a good \leal, and again< I have to thank Mr. Aldcrton for his care 
in preparing another set of notes in iQio, which are appended. 

References ^re given m the more important cases. 


Summary of some Recent Views on Chemistry of 
Portland Cement (1910) 

Alumina with si]ica, lime, and magnesia, binary systems of : — 
E. S. Shepherd, G. A. Rankin, and F. E. Wright.^ 

In addition to experiments with the lime-silica scries of 
minerals, an investigation has now been made of the alumina- 
silica, alumina-lime and alumina-magnesia series. In the 
alumina-silica series only one compound, AlaOa-SiOa, was found 
to be stable in contact with the melt, the optical properties 
agreeing with those of the mineral sillirnanite. The two other 
minerals, cyanite and andalusite, which have the same com- 
position, slowly change into sillirnanite at temperaturt's above 
1300° C. There arc four definite compounds of lime and 
alumina, 5Ca0*3Al203, m.-pt. 1387° C. ; CaO'AlgOy, m.-pt. 
1587° C. ; and two with no definite melting-point, 3Ca0*Al203 
and 3Ca0'5A1.203, but which are completely melted at 1550” 
and 1725° C. respectively. It is considered probable that only 
the compound, 3CaO*ALO.j, occurs in Portland cement. There is 
only one compound of magnesia and alumina, HgO-AlgOs, 
similar to the lime-alumina compound. The temperature range 
of the lime-magnesia system is too high for satisfactory investi- 
gation, but it is considered to be an eutectic scries, with no com- 
pounds and little of any solid solu|ion. A detailed description 
is given of the optical character of the various products, together 
with a number of tables and curves. 

Zulkowski says that tricalcium silicate does not exist. 

Dicalcium silicate exists in two modifications — 


(i) Orthosilicate Ca(^ /SiQ • ^Ca. 

\qA \q/ 




(2) Basic metasilicate SiO; 


/OCa\ 

\0Ca/ 


0 . 


' Amer. Jour. Science, 1909, 28, 203-333, 
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The latter only has hydraulic properties : it is the niore stjable 
variety at high temperature, and is retained by sudden cool^l; 
With slow cooling there is formed a mixl urj of the two isom^iliv > 
silicates. The presence of the orthosilipate gives a tcndehcy to 
disintegration in the Portland cement. • 

Portland cement contains therefore^ dicalcium silicate and 
dicalcium aluminatc and free lime. The function of the latter 
is merely to keep the absorbed water alkaline and so facilitate 
hardening. 

The above view also applies to slag cement : high lime slags, 
when slowly cooled, tend to disintegrate : when ^suddenly cooled 
they possess hydraulic properties.^ 

Michael is agrees with Day and Shepherd that calcium ortho- 
silicate (2Ca0*Si02) is the principal constituent of Portland cement.. 
Tricalcium silicate is a solid solution of CaO in aCaO’SiOg. 
Alite is a mixture of calcium orthosilicatc, dicalcium alu- 
minate, and lime in solid solution, which can vary within wide 
limits. Its constitution is not, however, certain. He accepts 
Day and Shepherd’s three modifications (a, ^ and y) of dicalcium 
silicate. The change from the a to jS occurs at 1410° C., and /5 
to y at 675® C. 

The solid solution of lime gives the crystals a tendency to 
'' break up.” By the action of water a great part, even more 
than the total dissolved free lime, separates as hydrate. When 
kept at a red heat, and even by lengthy warehousing, the dis- 
solved lime separates more or less : the solid solution dissociates. 

AloOg and FcgOg can replace each other only to a certain 
extent. There is no ” Alite.” Calcium ferrite will not 

crystallise alone or with 2Ca0'Si02. The mixture of 2Ca0‘Si02, 
calcium ferrite, and lime is equivalent to ” Celite,” in which the 
ferrite exists as an undissolved magma. 

Regarding slags, those which contain a large proportion of 
orthosilicate fall to powder owing to change into the y modifica- 
tion (at 675° C.). So do Portland cements which are either 
poor in lime or which have been kept too long at the glowing 
temperature, and so allow the solution of lime in orthosilicate 
to dissociate and so form free orthosilicate which can then change 
into the y form. . * 

Michaelis, in agreement with Zulkowski, notes the beneficial 
effect of the alkalinity of the water in setting and hardening. 
Slaps can be so treated, however, that, they require no addition 
1 J.S.C./., 1907, p. 925. 
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oi free lime, but harden straightway, with water. This is effected ’ 
By Passow's process. A part of the slag is cooled for a sufficient 
tinfe at 900-700° Cj. : the gehlenite (2Si02’Al203*3Ca0) splits 
up in1;o anorthite (2Si02*Al203*Ca0) and free lime, and the . 
CaS partly converted to CaS04 and free lime (with evolution of 
SO2). Thfe slag then beromes '' spongy’* and contains free lime. 

Passow mixes 60 % glassy slag and 40 % spongy slag, the 
free lime in the latter being sufficient to effect the hardening of 
the whole mass. Michaelis says that freshly-prepared Passow 
cement (made by the older process — /. e. without Portland cement 
addition) makes ^good mortar, but will not keep, owing to finely- 
divided free lime being converted to CaCOg. Passow has 
therefore found a more stable source of lime in Portland cement, 
15-25 % of which he adds to the slag. The free lime formed 
by the hardening of the Portland cement is utilised to harden 
the slag, 

Schott ^ thinks that Portland cement does not contain tri- 
calcium silicate. His view is that Portland cement is a solution 
of lime in dicalcium silicate. The hydraulic properties increase 
with the amount of lime in solid solution. Dicalcium silicate, 
however, cannot dissolve more than a half equivalent of CaO. 
Any lime in excess of this exists in another condition — free lime. 
The same considerations apply to dicalcium aluminate. Port- 
land cement is therefore a solution of CaO in aCaO'SiOg and 
2Ca0*Al203, the amount of lime in solution depending on the 
raw materials, but must not exceed that required by fonnula 
5Ca0‘2Si02 and 5Ca0’2Al203. 

It is also possible that a double compound of 2Ca0‘Si02 and 
3Ca0*Al203 is present in which lime is held in solid solution. 
Certain experimental results of the author lavoured the latter 
theory. 

Rohland considers that the tricalcium silicate of Le Chatelier 
and Newberry is a solid solution of lime in a less basic silicate, 
and that the hydration of Portland cement is a simple hydration 
of tlie less basic silicate and of the free lime. 

Meyer says that tricalcium silicate is the essential constituent 
of Portland cement, and that other minerals present are — 

(1) Isomorphous mixture of 3Ca0’Si02 and 2Ca0‘Si02. 

(2) Silico aluminate of lime. 

(3) An aluminate of lime present in badly-bumt cements 

^ Calcium silicate and aluminate in relation to Portland cement (19c 
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Aluminium Calcium $ilicaies,-r’A systematic investigation of 
the fusibility of aluminium cdcium silicates Has-been made ajrlj 
the results plotted as a triangular diagraiji. The surface 
fusibility presents two maxima at 1500° -C. and 1510° C. j^spec- 
tively, corresponding with the silicates--2Ca0’Al203\Si02 and 
SCaO'AlgOg'SiOg. The first is regarded# as a definite ^chemical 
compound, since its polished surface, washed with Jo % HCl and 
examined microscopically, exhibits almost complete homogeneity. 
Further, analyses of crystals separated by hand or by washing 
with methylene iodide gave results closely approximating to the 
above formula. * 

The Micrography of Cement.— K. Stern has introduced the 
micrographic method of examination by reflected light, as used 
for testing alloys, for the purpose of examining set cements. 
The normal structure of hardened cement consists of two 
kinds of constituents : A primary and B secondary. Con- 
stituent A is practically the unaltered cement grain, whilst the 
B constituent represents the products of setting and hei^doning. 
The micrographic picture may be measured by the planimeter, 
and the relative proportion of A and B thus estimated. The 
structure remains practically unaltered during setting and 
hardening, although the very prolonged action of water gradually 
increases the proportion of B at the expense of A. 

By etching the cement surface the A constituent may be 
further resolved, and the resistant grains of the hardened cement 
are then seen to consist mainly of alite. Suitable etching agents 
arc alcoholic HCl, alcoholic iodine, and 25 % HF. The method, 
shows a very distinct difference between the normal structure of ^ 
ferruginous cements and ordinary Portland cements ; by etching 
with HF the particles of slag may be recognised in the former 
• by brilliant interference colours, and their proportions approxi- 
mately estimated. Sea water modifies the appearance of the 
structure of sections of cement in a different manner from fresh 
water. A 1-2 % solution MgS04 acts similarly to sea water. 
When the hardened cement is subjected to high temperature, the 
structure becomes less distinct the higher the temperature, and 
the B constituents losg their water of combination and shrink 
together. With regard to the processes of setting and hardening, 
micrography shows that the setting process probably consists in 
the formation round each pr.;ticle of a relatively very narrow 
zone of hydration products. 

With this theTormation of structure constituents is apparently 
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at an end, and all further changes (hardening) which take place 
'inside the B constituents cannot be followed micrographically, 
•ibe’cause B appears ,to be a uniform substance by reflected light. 
The *micrographic study of synthetic products will facilitate 
research on the physical (temperature) and chemical (composi- 
tion) corfiditions necessary for the production of cement. 

There are various other papers which are in my hands, but 
appear to me too indefmitive to need more than citation. The 
chief of these are by Schott and Zulkowski. It must not be sup- 
posed that such papers should be dismissed without consideration. 
They must be studied by every chemist who wishes to have a 
knowledge of the stages of thought through which this very 
difficult branch of science has passed or is passing. 

Before I sum up I should like to refer the readers of this book 
to the very thoughtful work of Dr. Desch, which contains 
numerous photomicrographs as well as a good discussion of 
theories current at the time the book was written. 

I must now, as it were, go into the witness-box myself, and say 
what I believe is the present state of knowledge. Certainly 
Portland cement is made in commerce by combining SiOg and 
CaO by the aid of some flux which may vary from AI2O3 to CaClg. 
The product of chief significance is 3Ca()*Sj02. Its mode (rf 
setting is a matter of debate, but it is difficult to accept the 
theory of a gel,” although it is attractive. I find no evidence 
of the existence of a gel ” of such mechanical strength as will 
account for the great mechanical strength of Portland cement. 
On the other hand, I find no direct evidence of the supersatura- 
tion of water by tricalcium silicate or its products, its deposition, 
and again the supersaturation of the water. Balancing all the| 
facts within my knowledge, I prefer the crystalline theo«^ 
And here it is right to say that alfhough photomicrography Ms 
been freely used by various competent observers, it has tAught 
us little of a positive kind. Experience has shown that photo- 
micrographs of clinker are comparatively easy to prepare, but 
their interpretation is very difficult. The preparation of photo- 
micrographs of set cement is very diffi(jult and usually baffles 
the best petrologist. With some practice in the art of cutting 
sections of comparatively soft material, I have failed consist- 
ently, and equal lack of success hc|,s attended the efforts of those - 
|>rofessional section cutters whom I have employed. A goodii? 
many photomicrographs of clinker and of set cement have been ' 



CSEMi^R'y OF PORTLAND CEMENT ^05 

published, but are not reproduced here, as their accuracy is ^ 
doubtful and their interpretation so ima^ati\^e that they^^o 
more likely to confuse the inquirer than to h^lp him. 

Before dismissing the question of the photomicrography of 
cement the essence of an interesting article by E.* Stern, ^ quoted 
above, may be referred to. Evidently the writer #as found 
the same difficulty as his colleagues, and wisely ‘comes to the 
conclusion that contemporary knowledge is insufficient. He 
has tried a new method — that is, to use reflected light instead 
of transmitted light, generally employed for thin and transparent 
specimens. To do this is difficult enough, even^with a metal if 
it is as soft as lead or thallium, and, in fact, can scarcely be 
accomplished save by squeezing th^ metal on a microscopic 
slide; it is practically impossible for examining a substance 
which, Tf similarly squeezed, would lose all its characteristics. 
It is clear that some better micrographical method must be 
found before a tolerable section can be had for examination by 
reflected light. 

In short, the chemistry of Portland cement, as distinct from its 
ultimate analysis, is in a state of flux, and will remain so until 
far more thorough and difficult researches are made than those 
extant. 


^ Ber. 1 90S. 
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THE FUNCTION OF THE VARIOUS CONSTITUENTS OF CEMENT 

In previous parts of this book reference has been made to 
the nature of ^the various constituents of cement, which have 
been described in their proper place. 

Their function is not yet completely known, but, having regard 
to extant knowledge, it may fairly be said that the primary action 
of the higher silicates is hardening, and the primary action of 
the aluminates is setting. There has been much controversy 
on these subjects, and a great deal of pseudo-science has been 
lavished in maintaining untenable theories. Without parti pris 
it may be said that the least defensible propositions have 
originated in the United States of America. 

I have endeavoured to give an impartial account of all hypo- 
theses which are worthy of serious attention, and to the best 
of my ability have summed these up and appended my personal 
view. According to that— it must be understood that this may 
be regarded as a corollary — I am, as concerns the colloid and 
crystalline theory, much in the position of the historical donkey 
between two bundles of hay. But although there is no doubt 
that there are various constituents in cement, each of which 
has as its province a fundamental influence both on the setting 
and on the ultimate strength of the cement, it is still a matter 
of debate what these are and what province they occupy. I 
wish to emphasise this because, hazed ’by the phase rule,’' many 
eminent chemico-physicists have pretended — using that word in 
its right sense — to solve the whole problem. It comes to tliis, 
that at the present date all hypotheses concerning the functions 
of the various constituents of cement, though definite enough, 
are not definitive. 

To come to positive ground.- Our knowledge at present is 
empirical— that is to say, it rests upon experiment and also on 
experience, and this concerns pot only the chemist but al^ 
the user of cement. The simplest case may be taken first:, 
cement, being a basic substance, is readily attackable by aU 
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acids, including carbonic acid. As carbonic acid is a normal 
constituent of the air and of natural waters, wh'fether fresh w2 
or sea water, it follows that cement exposed to any of tKe^^ 
will be attacked, particularly when the carbonic acid fronf these 
sources can obtain free access to the cement. Fortunately, as 
cement when set contains a large quantity of calcium Hydroxide^ 
carbonic acid combining with the calcium hydroxide will form a 
seal, filling the interstices of the work and making it impervious. 
The process is precisely analogous to the hardening of ordinary 
hme mortar, and unless there is something external to the 
cement work which will attack this calcium carbopate, the cement 
structure will be permanent. It is true that carbonic acid itself 
will attack the calcium carbonate which i^ has formed and dis- 
solve it, but if the face of the work presents few rugosities the 
attack will be so slow that the term “ permanent” used above 
may be regarded as almost exact. 

It is very different when the work is porous, and particularly 
so when it is subject not to fairly quiescent media such as still 
water containing carbonic acid, but to media flowing to and fro, 
and so jnovidiiig new supplies of carbonic acid for solution of the' 
protective coating of calcium carbonate. The situation becomes 
acute when the attacking agent is not carbonic acid but any salt 
whicli has a chemical action of a more vigorous kind on the calcium 
hydroxide inevitably produced in the setting of cement. The 
commonest example is the magnesium salts present in all sea water, 
and this, in a subsequent paragraph, will be dealt with more fully. 
In the present place it is sufficient to say that of the various 
constituents of cement the most sensitive to attacking substances 
is calcium aluminate. 



CHAPTER XI 


USES OF CEMENT 

With regard to the uses of cement, their name is legion, 
ranging from tl\c filling of ships intended to be scuttled to elegant 
and even ornamental structures, vying with masonry recognised 
as architecturally t>eautiful. The fundamental difficulty in 
making a really fine building of cement is that this has to be 
put in in a plastic state and allowed to set, and, when it has set, 
it is not as a rule beautified by carving. In fact, a structure made 
in cement presents very much the same differences as between 
metal casting and the same metal chased. But just as modem 
methods of casting will give replicas of the design so sharp 
that with the merest tiimming up they are almost as expres- 
sive of the meaning of the artist as the carved work which came 
from his hand, so the modern methods of moulding cement 
approach a similar degree of success. Nor has the art of pre- 
paring a beautiful structure in cement been by any means 
pushed to its hmit— such things as balustrades, cornices and 
whole facades can be prepared with a suiface so well finished 
that when the structure is regarded as a whole, the effect is 
entirely acceptable. The natural course is to line the moulds 
with a thin layer of much finer and better cement, filling in in 
the ordinary way with sound concrete not too coarse, so that 
the finished structure may present a face comparable with 
that of worked stone. Nor is there anything sham or inartistic 
in this; everybody knows that many modern buildings have a 
steel skeleton, and are faced with some appropriate material ; the 
result is handsome. 

As to the material for facing such castings in cement, it may 
be of any colour, including white. Obviously a plaster face would 
be useless for exposed work, and Qven if not exposed would act 
on the cement if moisture obtained access to the two materials. 
But true Portland cement, almosi; chemically free from iron and 
manganese, is white, and. a more agreeable white than the cold 
and dazzling white of chalk, whether used as such or in the form 
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of plaster. It will be seen from this that the one obvious limita- 
tion to the use of cement in buildings of architectural pretensio^'u' 
is often much exaggerated, and in poini c^f fact arises chitd^ 
from ancient prejudice in favour of stone dating bctck I'o the 
time when architects were both builders and .masonr>^ Most 
stones, except basalt and granite, arc oyly sub-perm atient, and 
when disfigured by decay and grime have an *attractiveness 
which is subjective. In short, a spectator regards them entirely 
conventionally, just as he would prefer a concrete structure 
if he had been brought up to belie^^e in it. It must be quite 
understood that tliese rcanarks do not refer to ^cases where the 
facing is definitely a sham and serves no purpose whatever. 
The most notorious instance is the l‘o\^^er Bridge, which is 
plast(‘red wath pii‘C('s of stone concamuig its essential beauty of 
structure, and which are of about as much use as layers of wad- 
ding padding Ajjollo. Throughout all ages, the largest and oldest 
use of cement of all kinds has been for heavy structural work, 
and evety grade of cement has been emjdoyed, ranging ^rom the 
hydraulic linuj used by the Romans for their bridges, aqueducts 
and sewers, to harbour wxirks of the most recent date made of 
modern I^orthind cc*ment. For harbour w’ork a good deal of 
doubt existed as to the permanence of cement, thoroughly justified 
by the com jiara lively poor quality of cement made fifty years 
ago, and by a want of comprehension of the best mode of using 
it. All this is changed now, and unless some unusual local condition 
prevails, it may safely be said that all harbour work is carried 
out in this material with a certainty of success in construction 
and pennanence. In the eaily days of railw^ay work, brick and 
stone were freely employed for bridges and viaducts, and as in 
this country the rail wary system was fairly complete before 
engineers felt fully confident of its stability, there is less struc- 
tural work in Portland cement than might be expected in the 
country of its origin. But there is a great deal for all that, 
and when new lines are made, doubtless it will replace stone 
and brick wherever its cost is lower. In The same way the older 
form of sewerage systems in brick set first in mortar, and later 
in cement mortar, is being replaced by concrete, and the sub- 
sidiary structures, such as settling tanks, bacterial beds, neces- 
sary for the treatment of the sewage, are also made in concrete. 
The same remark applies to wa '^erworks, whether for town supply 
or for power. Generally speaking, except where very heavy 
heads have to be handled, concrete conduits are perfectly satis- 
p 



210 


CEMENT 


factory, and probably the limit is not reached yet, and will be 
d^^tproachcd whcil reinforced concrete is more generally adopted. 
# An excellent exan^ple of the use of concrete is afforded by the 
rectan*gular conduit at the British Aluminium Company’s Power 
Station at Kinlochleven. This channel, which is reinforced by 
expanded 'metal and is, covered to prevent it being blocked by 
material brought down from the side of the hills by streams 
when in spate, follows the contour line and arrives at a point 
above the power house with but trifling loss of head. The drop 
to the turbines from this point is so great that steel pipes are 
necessary, and ^ battery of these carries the water under high 
pressure to the power house. It may very well be that rein- 
forced concrete, howqver good, could not bo made to serve for 
such a heavy pressure, but I see no reason why they should 
not be used — as probably they are — for smaller heads. Other 
large uses of cement concrete are for heavy buildings of all kinds, 
such as granaries, flour mills and warehouses. In granaries this 
material is particularly useful, as the grain is always handk‘d in 
bulk, and in this state exercises a quasi-fluid pressure on the 
walls. 

Mills and factories containing heavy machinery demand just 
those qualities which conciete possesses, and if the “ lay out” 
is properly designed, foundations for the machinery can be put 
in when the building is constructed, the whole being, in fact, 
monolithic. There arc a host of other uses, such as groynes, 
piers and piles. It will be realised that in almost all cases what 
can be done with concrete can be done, and better done, with 
reinforced concrete. Piles may be taken as an example of a 
structural member which could not be made in simple concrete, 
but is made and used with complete success in reinforced conciete. 

Formerly piles were moulded vertically, but the modern 
practice is to form them horizontally. A trough of wood is 
provided with a steel shoe which is to form the point of the pile 
at one end, and along the trough are laid steel rods set in from 
the wood casing sufficiently far to allow concrete to be rammed 
between them and the wood casing. The concrete, which should 
have a fine aggregate and be rich in cement, say i to 5, is then 
rammed by hand into the trough.. The main members of the 
reinforcement — that is, the steel rods— are tied together by a 
stout steel wire so as to make the whole reinforcement rectangular 
in section, equidistant frqm all sides of the wooden casing and 
mechanically strong. The filling up of the horizontal box con- 
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taining the steel skeleton, uniformly surrounded and filled with 
concrete, proceeds continuously until the T>ilc is* complete, whei« 
the whole is allowc^d to set. Wlie.n it is siifhciently mafurcu i; 
may be freely liandled like any other structural unit, transi^orted 
into place and driven. As direct blows with -the pil^-driver 
on the top of the pile might crack or spr<iad the head cK the pile, 
it is usual to protect the head with a removable sttiel cap having 
a packing of sawdust, sacking and the like inside. The driving 
then presents no difficulty, the jnle descends to the depth required 
and the head remains uninjured; if cracking occurs, the head of 
the pile can be cut off, the concrete being chij^ped away and 
the metal cut through by an oxyacetylene blow^pipe. There 
arc certain questions as to the stability of .these piles, especially 
in sea water, and particularly between wand and water. These 
arc simply special cases of the general question of the stability 
of concrete ; perhaps 1 may be allowed to quote from a paper 
which I presented to the International Engineering Congress, 
and read before that body at San Francisco in 1915. 

“ The quality of cement for reinforced concrete must be at 
least as gcjod as that for ordinary concrete, and, if possible, 
should be better. This is not because the latter should not be 
as near perfection as the maker can achieve, but because Port- 
land cement for reinforced concrete is, as it were, a pioneer of 
progress, and what is a special brand for such purposes to-day 
will be the ordinary commercial article to-morrow. Turning to 
steel, as the other partner of the association, one may say that no 
better example of the advantage of that scientific direction which 
is now applied to Portland cement could be found than in the 
case of the steel, and it is significant that the metal, the more 
difficult of the two to manufacture, was being made of good and 
uniform quality before chemical principles were recognised and 
acted on in the manufacture of Portland cement. Thanks to 
the fact that for some forty years the regulation of the com- 
position has been in the hands of the chemist, little is left to be 
desired in the modern commercial product. Of course, cases 
have occurred, and wi^l occur, of careless manufacture and 
inspection where brittle and ijifgrior material has found its ^ay 
into the work, but they are not numerous and only rank with 
such failures as arise in all s^metures. Good as modern mild 
steel is, it may be properly asked whether, in some cases at 
least, steel of a higher grade and greater tensile strength may 
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be advantageously used, and I think that most of us will assent 
ft) this. This applies to ordinary structures, and is, of course, 
f)brigatory for such buildings as safe deposits, where the metal 
must •not only have a good tensile strength but be so hard as 
to be pV^icticaliy undrillable. 

“I begtui this papeiyby saying that there is no such thing 
as a permanent structure, and I end by stating that in my 
opinion a p^Tamid, a bridge, an aqueduct, a harbour, a coliseum 
or a cathedral made in concrete or ferro-concrcte, well and 
honestly enough, will vie in life wath the mighty structures of 
antiquity whicli are left to us, their limitation of life lying not 
in thcinseh'es, but in the changing needs of human life.'’ 

The question of the probable life of reinforced concrete Jias 
formed one of the topics of a Committee of the Institution of 
Civil Engineers, of which the writer has the luinour to be a 
member. At the request of the Committt'e I contributed a 
memorandum in February 1910, which runs as follows — 

There are two matters affecting the stability and jx'rma- 
nence of reinforced concrete which appear to me to ])e of special 
importance. 

The lirst is the risk of destructkui of the cement in the 
concrete^ and of corrosion of the steel roust ituting the reinforce- 
ment; the second, the siresses diu' to ex'pansion of the concrete 
and the steel, and to the difterence in the value of the coefficient 
for the two materials. 

“ The likelihood of the attack of the cement itself depiuids 
on the same conditions as detennine whether ordinary concrete — 
unreinforced~is attacked, but as the thickness of the concrete 
over the reinforcement is usually small, it is evident that evtai 
more care must be bestowed on the avoidance of those conditions 
than in the case of concrete in lafge masses, where the surface 
of attack is relatively smaller. With regard to the steel, the 
risk of corrosion is primarily dependent on the continuc'd access 
of water to the steel. -Mere moisture left in the concrete after 
its preparation, or any stationary w'ator, is of small consequence, 
because that water soon becomes saturated with lime and forms 
an alkaline medium excellently ^a^aptecl for the preservation of 
steel. But continued access of water, involving anything 
approaching a flow of water, will remove this preservative lime, 
and cause the customary, rusting of steel exposed to water. It 
follows tliat the concrete of armoured concrete must be practi- 
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cally impervious. This need for imperviousness, has been recog 
nised in practice by making the concrete rich in cement, tn^t, 
as far as I know, no measurements of the permeability ci the 
mixtures ordinaril}^ employed have bt¥n pnildished/ Such 
experiments as I have carried out hav(' been directed to a 
different end, and have been made wifti mixturj^s of cement 
and standard sand, and go to show that, though at first pervious, 
such mixtures soon become moderately watertight. Similar 
experiments with concrete composed of cement, sand, and small 
stones, such as is ordinarily used for reinforced concrete, would 
be useful. Impermeability of reinforced concrete,* while desirable 
in all cases, bcTomes of great importance in structures immersed 
in fn sh water, and imperative for the • in i^ea water. 

" The coeflicient of ex]iansion by heat of mild steel is W(‘ll 
known, the figures generally accepted being o-ooooofxj per degree 
F. That of concrete varies somewhat with the composition, 
but for a 1:2:4 mixture is usually taken at 0-0000055 per 
degree F. For a mixture of one of Portland cement tu cne of 
sand, I have found 0*0000053 pcT degree F. wet and 0-0000073 
per degree F. dry. I'hese values are so similar that the stresses 
resulting from their difference are small. But the stresses due 
to the two materials regarded as a whole in a structure hindered 
from expansion may be considerable, and should certainly be 
computed in cases where the structure is exposed to a large range 
of temperature. Further, there arc no data (so far as I have 
been able to ascertain) concerning the alteration of length of 
concrete which takes place by alteration of wetness and dryness. 
If this, as seems probable, is considerable, serious stresses may 
arise, both in a structure not free to expand and between the 
concrete and its reinforcement. Experimental investigation of 
this question appears to me t# be desirable. 

From what has gone before the general utility of cement 
will be understood, but there arc a few special instances which 
may be cited. A brick chimney is costlj and troublesome to 
erect, whereas one made of reinforced concrete could be put up 
in about half the time, being built much in the manner of a 
hollow pile. The lowt.^' part of the chimney would, of 
course, be lined with firebrick ‘precisely as in the case of a 
brick chimney, but as soon as the gases are cooled to about 150° 
C., the concrete will stand it, and provided that no condensation 
occurs of the water in the flue gases there will be little or no 
attack by the oxides of sulphur present in the flue gases. Another 
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instance of pressing importance is the use of concrete for building 
^ ships, already alluded to in the preamble of this chapter, and 
examples of this soi»t might be multiplied indefinitely. In short, 
where \^r a material, Viigh in tensile and compressive strength, 
and one ^vhich can be moulded into any required shape almost 
as easily as qasl iron is run, is needed, then concrete, of proper 
composition for its determined purpose, may be used; further, 
it cannot be too much insisted on that such structures are cheap, 
because the essential ingredient (cement) forms but a small part 
of the total weight of the structure. I would not endorse the 
statement of the grandfather of one of Stevenson’s characters 
(Lowden Dodd), ‘ that Portland cement jiroperly sanded will go 
a long way.’ Moderti tendency is altogether in the other direc- 
tion : good cement ‘ properly sanded’ will go a long way, but 
the engineer knows that if he makes an error it is better to err 
on the side of richness.” 
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EFFECT OF VARIOUS SUBSTANCES ON CEMENT 

Acti(.)N of Sea Water 

There nrc \arioiis nRilorials wliicli, by tliemsclvcs or used 
as an aggrt'gate for cement, arc destructive thereto. The com- 
mon esi and most important is sea Vvdter. It is well known by 
haibour en^dneers that their concrete blocks or cement put in 
siai will ultimately perish. Many experiments on this point 
have been mad(‘ : as far as I know, few have been carried 
out in this country, but French and Scandinavian engineers 
have put down blocks of concrete in the tideway at different 
points on their coasts and have observed them over a long 
scries of years. Barring such accidents as have happened from 
storms and the like, the consensus of opinion is that these blocks 
are doomed to destruction. It by no means follows that a 
structure such as a harbour will be destroyed in a short time. 
Personally, I believe that a harbour projxTly built will last as 
long as there is any need for it. Long before it has been de- 
stroyed by the action of sea water the utility of the harbour 
will have disappeared. 

The action of sea water on cement, apart from any erosive 
effect, is to replace calcium salts by magnesium salts naturally 
present in seawater. The magnesia of the latter salts has no 
cementitious value, and the calcium salts go into the sea water, 
with the result that the cement has no strength, and, in fact, 
perishes. Many such cases are well known, and, within my own 
recollection, have led to grave mistakes. . Accurate analyses were 
made, showing that the damaged cement contained large quanti- 
ties of magnesia. The deduction which was made was false : 
it was that the magnesia came from the cement, whereas, of epurse, 
it came from the sea water which had attacked the cement. 
This led to the erroneous b lief that magnesia in cement was 
pernicious. This view was buttressed by similar accidents on 
the Continent, some of which had nothing to do with sea water, 
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The leading case is afforded by Stefans Dom in Vienna, which 
vi^ent to pieces, and on analysis was found to contain a good 
deal of magnesia. TJie chemist of that date (about 1890) regarded 
the magnesia as the finis cl origo. llK^re is no evidence of 
any sorP that this is the truth. The limit of magnesia in true 
Portland Icment consistent with safety has ne\rr been fixed, 
but to be on ’’the safe side the British Engineering Standards 
Association have put the maximum percentage at 3 %. It 
must not be supposed that tliis is a real limit ; it has been adopted 
purely for security, and with cements of a dilfenait class, sucli 
as the Rosendalc^cement of Pcamsylvania, is enormously c-xceeded. 

From what has gone before it will be undc'rbtood that the 
corrosive action of se.a water will be much incit'ast'd if it can 
go in and out by the movement of the watca*, and e':])ecially if 
the tides carry from the concrete the essential calcium salts of 
the cement and leave behind it worthless uncementitious stuff. 

But there is another constituent in sea water to be consitlered, 
which is calcium sulphate. It is irrefutable that calcium sulphate 
will selectively attack calcium aluminates and form compounds 
of these, wdiosc volume is much larger than that of their con- 
stituents, with the ronsec;uence that the structun' falls to 
pieces. The remedy is ob^nous : to prepare ce ment containing 
as small a quantity as possible of alumina. It is lor this reason 
that the famous Chaux de 'I'eil lias pn)ved itself seaworthy. 
There are cements in this c»aintry and in Russia i 1 Novo Robsick, 
and no doubt elsewhere, which have the sam<' excellent cjuality, 
and attempts have been made in Germany at the I-fianmoor 
Works near Hamburg to jirepan- cement in whi('h ferric oxide 
replaces alumina oxide, always with tlie idea to a\'oid the action 
of sea water on calcium aluminates. 'J'he consensus of opinion is 
that it is better to make the concrete itself water-tight, or, if 
a relatively porous mixture is used for the main structure, to 
face it with granite rocks, than to seek for a cement unattack- 
able by sea water. 

Before leaving this section of the matter, the use of puzzolana 
should be mentioned. It has been spoken of in some detail in a 
preceding chapter, but, as far as we are conc^Tned with it at present, 
it may be said that its function k to combine with the calcium 
hydroxide set tree in the nonnal setting of Portland cement, 
and thus absorb and utilise the paUulum on which the magnesium 
salts in sea water would feed. These things arc of practical 
moment, and the use of puzzolana as an addition to cement 
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has an important bearing on the stability of all structure^ 
especially those exposed to sea water. 

I have endeavoured repeatedly, knowing as I do the ^value/ 
of this material, to induce engineers to ^employ '[')Uzzol4na for 
the heaviest type of work, and have C(>nsistently faUtTl. The 
primary reason is ignorance of the properties of this material, and, 
secondarily, the difficulty of procuring it in adequate quantities 
from places as far apart as the Ifhine and Java. Moreover, the 
trass people do not provide the engineer with what he wants. The 
trass should be finely ground so that it may be intimately mixed 
with the cement, with the lime of which it will cjornbine. These 
conditions are not fulfilled, and it follows that structures made 
with Portland cement alone contai’’' matv»^rial which could be 
utilised by judicious admixture of trass. The blame of this 
neglect lies fairly ecjually between the constructional engineer 
and the jiurveyor of trass. The engineer does not understand 
the great value of trass, and the purveyor of trass does not 
realise that about niiK'-tenths of his product, as ordinaTb' sold, 
is of no more value than so much sand, because it is too coarse ; 
it must be finely ground. There is another aspect which is purely 
commercial : neither makers nor buyers want to use trass because 
they are accustomed to sell and ust Portland cement ; the buyers 
are suspicious of the makers, who might sell them a better material 
cement mixed with trass - under the name of Portland element. 
Fortunately, the British vStandard Portland Cement Specification 
has cleared up all these things, and Portland cement when bought 
by its tests, or on the guarantee of the maker, is Portland cement 
and nothing else. 

But this does not touch the real question, which is the proper 
use, under its own name, of lk)rtland cement ground finely together 
with puzzolana. As far as I kjiow, no such product has ever been 
put on the market, and, to use an expressive vulgarism, it is 
“ up to ’’ our manufacturers to sell this material and to convince 
harbour engineers that it is the best for the very difficult work 
which they have to face. 

Effect of Aggregates 

The ordinary aggregate is the local stone, gravel or sand, 
and, as these usually are sili\.«ous or some form of hard and 
weathered limestone, they are suitable* for making concrete. It 
is obvious that questions of freight come in, as it is easier to 
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J^ring cement to the site than to carry aggregate, however good, 
fro^ a distance : but sometimes it happens that the local aggre- 
gate juay have a b^d influence on the cement with which it is 
to be mixed, ‘and difficulties often arise from this cause. In 
many jflaces where good gravel or limestone is absent, there are 
quantities of slag, uscl(<ss as they stand, ])ul conceivably useful 
as an aggregate. The question then arises, will they injure the 
cement? Two classes may be named: — The first is ordinary 
blast-furnace slag. If this is an acid slag containing a large 
percentage of silica, and practically inert, it may be adopted 
for use as an aggregate without hesitation; but if the blast- 
furnace slag is of the basic class — that is to say, contains 40 % 
to 50 % of lime- the* question is more difficult. 

Constant confusion arises from this term “ basic ” — the basic 
slag I s]:)eak of is the slag from blast furnaces running on a 
burden high in lime; what is generally known by agriculturists 
as basic slag is the product of steel furnaces lined with basic 
material such as lime and magnesia and running on pho.'.phoric 
ores; these two things are totally distinct, but arc frequently 
confused. 

These basic blast-furnacc slags generally contain a considcTablc 
quantity of sulphur in the form of calcium sulphide. Provided that 
they are properly enclosed in a matrix of cement, that siilpliur 
has little chance to oxidise ; but if this aggrege.te is ('xposed to 
moisture and air, calcium sulphate will ht' formed, attack on 
the cement will ensu(i, and destruction of th.e concrete is certain. 

To take the second class of slags, the sajue sort of difficulty 
arises. There is an abundance of slag from copper-smelting in 
South Wales and many other places. It contains a large; quantity 
of ferrous silicate; this is an oxidisable substance, and if by 
exposure to atmospheric influence's it should oxidise, it w^ould 
disintegrate the concrete of which it forms part. Further, 
sulphides may be present, and these, oxidising to sulphates, would 
exercise their usual destructive effect on the concrete. In such 
matters experience is a great, but not the only guide. The 
chemical composition of all these slags will provide the expert 
with valuable data, and on th(‘ top of this is observation of the 
behaviour of such slags lying for years on th(‘ tij). It need 
hardly be said that identity must be established between the slag 
on the lip and the slag proposed Jto be used, as smelling metliods 
change and the nature of the slag changes correspondingly. 

There is a particular case of aggregate which is often over- 
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looked. In modern methods of constructioji it frequently 
happens that light floors arc an import mt part of the 
on the structure as a whole, and for th\s reason brcc7:c h’d^ been 
much favoured. Now, breeze ordinarily* contains sulphates, or 
sulphides which arc easily oxidisable to sulphates. ^ 

Concrete made with this breeze may be stablp, j)rovided it 
is protected from moisture, but when it is used in exposed posi- 
tions, or in fact wherever water and air can penetrate, oxidation 
will occur and the cement will be attacked and ultimately 
destroyed. 

These inconveniences arc particularly apt A) happen when 
breeze is used for roofs, unless the roof is so fully protected 
by asphalt or similar material tli ' no Vater can reach the 
breeze-concrete. TIktc will bi^ first, an expansion of the breeze- 
concrt'te, next a lifting and jirobable cracking of any imperfect 
asj)halt covering, and finally the pushing out of the parapets 
and walls of the roof. 1 have seen many such cases, and almost 
without exception they arc traceable to the access of water and 
air to i\u) breeze-concrete. It must not be supi)osed that every 
bn'czc has these inherent defects : sound concrete can be made 
with breeze, but this is an exceptional case, if the breeze is to 
be exposed to the action of air and water jointly. In short, no 
breeze slionld be us('d for any constructional purpose, in which 
thi'i'i' is a possibility of atmospheric attack, until it has been 
analysed and thoroughly tested. Such devices as cutting chases 
between an c:xpanding roof and its parapet are mere palliatives, 
and although sometimes useful as the best way out of a bad job, 
must be condemned without reservation. 

In a previous part of this book the attack of cement by 
sulphuric acid, jiroduced by the oxidation of sulphuretted 
hydrogen, particularly in Sewerage systems has been dealt 
with. Generalising, it may be said that any acid material will 
attack cement, and that the degree and extent of its attack will 
depend on the nature of the add andjocal conditions. Each 
case must be judged by itself, and anything approaching the 
nature of a canon is impo.ssible; the one point to be borne in 
mind being that cemenf, as a basic substance, is easily destroyed 
by most acid materials. 

As in the setting of cement a large quantity of lime is set 
free as calcium hydroxide, any saccharine solution will dissolve 
that lime, forming calcium saccharatc, {he cement will be attacked, 
and probably destroyed. There is a case which at first sight 
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^ems to coniraclict this : in California concrete tanks arc used 
for. containing locally grown wines, which contain both acid and 
sugar.. These tanks* appear to answer their purpose, and the 
probable explanation is that they arc skinned over by calcium 
tartrate \xry much as concrete in ordinary use is skinned over 
b}^' calcium ca,rbonate. ^Of course, liquid in these wine tanks is 
practically quiescent, and the in and out movement of the liquid 
so often referred to is negligible with such trifling tide action. 

Quite another state of things exists when oils come into contact 
with cement. A number of proprietary materials containing 
various soap)S hVive been put forward as capable of rendering 
concrete water-tight, and good results have been obtained from 
some of these. But oil itself usually has a destructive influence 
on concrete used in the construction of a tank to contain the 
oil. The reason for such action is obscure. Assuming that the 
concrete is fully set and that the cement is completely hydrated, 
it is diflicult to understand how an oil can attack it. It s(‘cnis 
hardly provable that the oil can disjflace water chemically com- 
bined with a cement. There remains the suggestion that any 
acid constitiu'uts of the oil will act on the cement in the usual 
chemical way. If so, it would form a calcium salt of the acid 
constituent, and serve rather as a preservali\e than as a de- 
structive agent. A case in point as regards the action of oil 
is the instance afforded by cotton-seed oil. It has been proved 
by experiment that conerc te is attacked by cotton-seed oil^ 
although cotton-seed oil, irom its mode of manufacture, is almost 
entirely free from free fatty acid ; consequently it is im- 
practicable to use concrete tanks for containing this oil. 

I have given merely instances of substances likely to come 
into contact with cement in industrial practice, but with the 
exception of the case of the oils, which is certainly puzzling, it 
is sufficient to remember that all acids and salts capable of 
re-acting with the calcium compounds constituting cement arc 
likely to destroy it unless the product of interaction forms a 
protective coat. In addition, the product of interaction 
is itself destructive, and the simplest case which can be 
cited is that of calcium sulphate, formed, wc will say, by the 
action of the sulphates in sea water on the lime compounds in 
cement. This mode of attack has been fully dealt with in an 
earlier chapter. 
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BY-PKODUCTS OF CEMENT 

There are two by-pi'oducts of cement, one is the waste heat from 
the kilns and the other volatilised alkalies. The* first is of great 
importance as the balance of heat going np the ctiimnc}^ is about 
30 % of the total fuel burnt in a kiln. The temperature in the 
burning zone of an ordinary rotatory kIIii is not less than 1200° C., 
and in the case of short kilns, handling diy raw materials, the 
temperature of the flue gases may be as high as 800^ C. When 
wet raw materials are used the flue gases naturally have a lower 
temperature, although the number of thermal units contained 
in them is the same. It follows naturally that it is easier to 
pick up the waste heat from a dry process plant than from one 
using wet raw materials. Many attempts have been made to 
deal with both, but, as far as I know, without practical result, 
d'he fundamental reason is that any cement kiln must have an 
adequate draught, and any apparatus of the economiser type which 
would jirovide steam for the general use of the plant would be 
apt to impair this draught. Further, even if the draught were 
provided by a fan there would be the difficulty of the dust which 
comes out at the upper end of all cement kilns, capable of clogging 
plant of tile economiser tyi)e. But this loss of heat has appealed 
so strongly to many inventors that it has been proposed not 
merely to raise steam by the heat of the gases at a temperature 
well above boiling-point, but *10 take the waste gases from such 
apparatus and to use them in a low-temperature heat engine, 
employing a fluid such as sulphur dioxide. These attempts 
have failed for practical reasons. At the uormal price of coal it is 
cheaper to burn a little more fuel than to encumber a simple 
plant with a number of auxiliary plants somewhat high in 
capital cost and troublesome aijd expensive to run. , 

The simple process of picking up the heat from the waste 
gases by such a plant as the ordinary regenerator or blast-furnace 
stove promises little success, as the gases from a cement kiln 
are not combustible and are too low in temperature. But the idea 
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must not be lightly dismissed on that account ; there is a large 
and definite amdunt of waste heat going out from every cement 
Vdlii/ and as fuel grows dearer it will be more and more wortli 
recovering. * , ' 

The (V‘her by-product from cement manufacture is the flue 
dust, of \Uiich laigc q,!^iantitics are produced; naturally, the 
proportion is larger in the dry process than in the wet, but in 
cither case it is substantial, l^egarded originally as a nuisance, 
this Hue dust has shown itself to be of value. To take the first 
case — that is, the nuisance; 1 have seen a battery of cement 
kilns, working (jn wet raw materials, producing so much dust 
that the sky was clouded, and family washing in the neighbour- 
hood put out to dry yv'as seriously soiled. I have similarly seen 
a single cement kiln, working on the dry process, giving out such 
a quantity of dust that a large house in the neighbourhood had 
its amenity seriously disturbed when the wind set in its direction. 
On account of these troubles, rather than with any view of utilis- 
ing the dust, elaborate methods of catching the dust in a chamber 
at the base of the chimney-stack, or even by scrubbing the gases, 
have been employed with success. Of course, both methods 
have the disadvantage of cooling the e.xit gases and impairing 
the draught. The dust has to be removed from time to time 
from the collecting apparatus, and the natural means of utilising 
it is to put it back into the raw inaU'rials and pass in through 
the kiln again. This is g<;od as far as it goes, but fairly recently 
it was found that the dm.t does not consist merely of the coal 
ash and the finer particles torn away from the raw materials 
in the kiln, but is a product of thermo-chemical selection. This 
fact is, of course, ordinary chemical knowledge, but its practical 
importance has only lately been understood — a fact somewhat 
curious, inasmuch as the drying-floors of the old chamber-kilns 
are always incrusted by a sahne deposit. This arises from the 
allvalics present in cement, and every cement tester knows that 
the water in the tanks for his test pieces is soft and alkaline. 
Usually he regards that as coming from the hme in the cement. 
In this he is mistaken, the alkalinity being due chiefly to alkalies 
dissolved from the cement. It is usuaj in cement analyses to 
return the amount of alkalies by difference, for, as far as we know, 
these constituents have little or no influence on the quality of 
the cement, but in the light of the composition of the flue dust, 
they arc worth attention.. Under the usual conditions of manu- 
facture the bulk of the alkahes remains in the cement, but a 
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portion passes through the kiln even in the wet process and appears 
in the flue dust. As potash in workable quantities is not ./ 
common deposit, and, as during the rece .t war, the chief , 

at Stassfiirt was inaccessible, much \^as deme in s(<^iking 

other sources of this essential substance. The .first S/ep was 
to catch the flue dust from blast furnaces, where the txit gases 
have a high temperature and contain a proportil^nately large 
amount of alkali salts. 

Blast-furnace gase§ have long been used as a fuel under boilers 
or for internal combustion engines, and in the latter case have 
to be meticulously scrubbed. But little account was taken of 
the potash in the dust scrubbed out until potash Lecame a scarce 
and costly commodity. The next step was to consider the 
amount of alkalies carried by the flue gases from cement kilns, 
and in both cases special means of collecting this gas were tried. 
One of the most promising is the use of high-voltage electricity, 
which, as is well known, will cause' very fine })articles suspended 
in air to congregate into particles sufficiently large to 1 -e ( aught 
by baffle ])lates, screens and the like. As in other methods of 
collecting dust, all these devices have the drawback of requiring 
that the gases shall be cooled so that the screens can stand 
the temperature, but this is easily counterbalanced by the value 
of the ])otash recovered, the ])otash being reckoned at its war 
price. It is a matter for debate whether these processes would 
pay when the Stassfiirt and similar deposits have a world market, 
but the solid fact remains that the existence of gigantic quantities 
of a substance absolutely essential for the largest industry in 
the world — i. e. agriculture — have been going to waste since 
furnaces were hrst used. .So much for the economic side. The 
technical is easier to pronounce upon. Initially, an attempt 
should be made to expel the whole of the alkali salts from the 
raw materials used in any fdrnacc process, without detriment 
to the primary product. In the blast furnace it may be neces- 
sary so to alter the burden as to drive out the alkalies from the 
slag without detriment to the pig-iron. This is a matter for the 
chemist and the blast-furnace manager. Much the same thing 
holds with cement, and the task of the cement manufacturer 
is more difflcult. He cannot pepse the temperature of hisjiiln 
without going beyond the clinkering-point, and probably burning 
out the lining of his kiln. 

Therefore he must add something to his raw materials which 
will aid in the expulsion of the alkalies which they contain. On 
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chemical grounds the most likely substances are the halogen 
t^ompounds of calcium, but though these have been proposed, 
J dm not aware at the time of writing (igip), that this method 
has been worked ofi a -large scale with success. Alternatively 
it has suggested to increase the quantity of material con- 
taining p)tash by adding to the raw mix such substances as 
potash felsj)ai. This idea is quite sound, and can be worked in 
conjunction with the use of halogen calcium compounds as in 
the previous instance. The cement-maker is in much the same 
position as the blast-furnace manager in that he has to modify 
his mixture so as to produce cement of as good quality as before — 
or better — and*this he must consider with a full knowledge of 
the range of composition of his normal raw materials. For 
example ; if his raw materials arc naturally high in alumina, 
he cannot much increase the percentage of this constituent 
without injuring tlu' quality of his cement, and he must be 
cautious in regulating the amount of felspar added, if, on the 
other hand, his raw materials produce a cement containing a 
lower percentage of alumina than is Uhual, he has a freer hand 
and can add felspar, a material relatively rich in alumina, in 
greater quantity. Whatever plan is adoj^ted, the whole object 
is to expel from the highly-heated cement, whether dosed with 
felspar or not, all tlie valuable potash which it contains, and 
to recover this as completely as possible in the flue dust. Jake 
all commercial affairs, tliese operations come down to a question 
of cost. It is out of the question to attempt to lay dowm any 
rule; the principles enunciated above will hold under all con- 
ditions, and the rest dej)cnds entirely on the preparation of a 
proper balance sheet. 
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International Atomic Weights 



Symbol 

Atomic ' 
weight. ,, 


• 

Syuibf)!. 

Atomic 

weight. 

Aluminium . 

. . A 1 

27*1 , 

Neodymium 



Nd 

144*3 

Antimony 

. . Sb 

120*2 

N eon 



Ne 

20*2 

>> 

if 

c 

. . A 

. . As 

3‘>'9 

74 *i)(> 

N hel ...... 

Niton (radium emaiia- 

Ni 

58 * 6 £ 

Barium . 

. . i^>a 

137 M 7 

tion) . 



Nt 

222*4 

Bismuth . 

. . Bi 

2o6*o , 

Niti ogen 



N 

i4*oi 

Boion 

. . B 

io*<> ; 

Osmium . 



Os 

190*9 

Bt online . 

. . J >r 

7<r<i2 

(dxygen . 



0 

iO*o( 

Cadmium 

. , Cd 

112*40 

Palladium 



Pd 

106*7 

('ajsiuin . 

. . Cs 

1 ^2*81 

Phosphorus 




31*0- 

Calcium . 

. . Ca 

40*07 

Platinum 



Pt 

195*2 

Carbon . 

. . C 

12*00 ! 

I’otassium 



K 

39*1 

Ci;num 

. Ce 

1^0*25 

Praseodymi 

im . 


Pr 

140*9 

Chlorine . 

. . Cl 

. 55 - 4 '- 1 

Radium . 



Ra 

226*0 

Chromium 

. Cr 

52*0 

Rhodium 



Rh 

102*9 

Cobalt 

. Co 

5«-97 

R ubidium 



Kb 

« 5*4 

Columbiuin . 

. . Cb 

93*1 

Ruthenium 



Ku 

101*7 

Copper 

. , Cu 

93*57 •' Samarium 



Sa 

150*4 

Dysprosium , 

. . J)y 

102*5 

Scandium 



Sc 

44*1 

Erbium . 

. Er 

107*7 

Selenium 



Se 

79*2 

Europium 

. . Eu 

152*0 

Silicon 



Si 

28*3 

Fluorine . 

. . F 

10*0 

►Sllv(T 



Ag 

107*8 

Gadolinium . 

. . Gd 

L 57'3 

Sodium . 



Na 

23*0 

Gallium . 

. . Ga 

70*1 

Stron lium 



Sr 

87*6 

Germanium . 

. . Ge 

7^*5 

Sulphur . 



S 

32*0 

Glucinum 

. . Gl 

9*1 

Tantalum 



Ta 

i8i*5 

Gold . 

. . Au 

197*2 

Tellurium 



Te 

127*5 

Helium . 

. . He 

4*00 

Terbium . 



Tb 

159*2 

I lolmium 

. . Hu 

ib 3 * 5 # 

Thallium 



T 1 

204*0 

Hydrogen 

. . 11 

1*008 

Thorium 



Th 

232*1 

Indium . 

. . In 

114*8 

Thulium . 



Tin 

i68*5 

Iodine 

. . I 

120*92 

Tin 



Sn 

118*7 

Iridium . 

. . Ir 

1 93 'I 

Titanium 



Ti 

48*1 

Iron . 

. . Fc 

5584 

Tungstesn 



W 

184*0 

Krypton . 

. . Kr 

82*92 

, IJranium 



U 

238*2 

Lanthanum . 

. i^a 

139*0 

; Vanadium 



V 

51*0 

Lead . 

. . Fb 

,207*20 

j Xenon 



Xe 

130*2 

Lithium . 

. . la 

9 * 9;1 , 

; Ytterbium 

(N coy t ter- 

. Yb 


Lutecium 

. . Lu 

175*0 

' bium) . 



173*! 

Magnesium . 

. . Mg 

24*32 

, Yttrium . 



Yt 

89*: 

Manganese . 

. . Mil 

51 *‘' , 

, Zinc . 

1 Zirconium 



. Zn 

h 5 *- 

Mercury . 
Molybdenum 

. . Hg 

. . Mo 

200 *0 
96*0 



. Zr 

90 -e 


Q 
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Useful Factors 


From 

To 

KaPtCifi . . . 

. . , . KjO 

KgPtClfi . . . . 

. . . . KCl 

NaCl 

. . . . NagO 

MgaPjO, . . . . 

. . . . MgO 

Mg^P.O; . . . 

. . . . 

Mg^P^O, . , . . 

. . . . P 

BaSO^ . . . 

. . . . SO3 

BaSO^ . . . . 

. . . . S 

FePa 

. . . FcO 

MDsO, . . . . 

, . . . MnU 


Multiply by 

0-19343 

o-jo(j8 

0-53027 

40 

111 

71 

III 

31 

III 

80 

233 

32 
233 

O'iJ 

0*93 
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Measures of Length [unit Metre) 


Equal to 

Inches. 

Feet. j ; 

Yards. 

Millimetre 

0-03937 

0-003 1 

0-001 

Centimetre 

0-39 . 1 

^>*033 ' 

O-OIl 

Decimetre 

3-03708 

0-328 : 

0-109 

Metre 

39*37079 

3-^80 i 

1-094 

Decametre 

393*70790 

32-809 ; 

10-936 

Hectometre 

3937*07900 

328-090 1 

109-363 

Kilometre 

39370*79000 

3280-899 

! 

1093-633 


Cubic or Measures of Capacity [unit Litre) 


Equal to 

Cub. lurhes. 

Cub, left. 

Fints. 

Gallons. 

Bushels. 

Millilitre, or cubic 






centimetre . 

0-06103 


— 

— 

— 

Centilitre (10 cubic 
centime Lres) 
Decilitre ( 100 cubic 

0*61027 


o*oi8 

0-002 


centinieties). 
Litre, or cubic deci- 

j 6-10271 

j 0*003 

0-176 

0-022 

0*003 

metre .... 

61*02705 

0-035 

1*760 

0*220 

0*027 

Decalitre . 

610-27052 

0*353 

17*608 

2*200 

0-275 

Hectolitre , 

6102-70515 

3*531 

176*077 

22*009 

2*751 

Kilolitre . 

61027*05152 

35*3i^> 

♦ 

1700773 

220-096 

27*512 


Measures of Weight [unit Gramme) 


1 Equal to 

Grains. 

Avoir, lb. 

Milligramme . . , . J 

0*01543 

— 

Centigramme . . . .’ 1 

0*15432 

— 

, Decigramme 

1*54323 

— 

1 Gramme 

15*43235 

0*002 

' Decagramme • 

154*32349 

0*022 

Hectogramme .... 

I 543 *« 348 S 

0-220 

i Kilogramme 

15432*34880 

2*204 
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APPENDIX IV 
Useful Memoranda 

I oz. troy = 31*10 grms. = 480 grs. = 1*097 oz. avoir. 

I oz. avoir. = 28 *i 5 „ --- 437*5 = 0*912 oz. troy. 

1 lb. ,, = 453*59 „ — 7,000 ,, — It) oz. avoir. 

I lb. troy = 373*25 „ — 5,760 „ = 12 oz. troy. 

I cwt, — 50*80 kilos. 

I ton == 1016*00 „ 

I cm. sq. = 0*155 sq. in. 

I pint — 34*66 cu. in. 

lbs. per square inch to kilos per square centimetre x by 0*07031. 
Kilos per square centimetre to lbs. p('r square inch X by 14*223. 

Area of disc = square of diam. X by 0*79. 

Area of sphere = square of diam. X by 3* 14. 

Area of cylinder diam. x by 3*14 x by length. 

Solid contents of sphere = one-sixth of the cube of the diam. 
X by 3*14. 

Solid contents ot cylinder square of diam. X by length x 
by 0*79. 

Holes per square inch to holes per square centimetre X by 0*155. 
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APPENDIX V 

FOREIGN SPECIFICATIONS FOR PORrL'\KD CEMENT 

There arc various foreii^ii Specifications for Portland cement 
intended to attain the same end as that of the British Standard 
Specification, namely, to procure a cement winch shall be a 
reliable structural material. Naturally they difJtr a little, partly 
from local circumstances and partly from the stage of precision 
to which the tc'sting of cement has L n brefught m each country. 
On this account no International S])ecificaiion has been framed, 
nor is likely to be framed, but it may be said impartially that a 
cement which passes the British Standard Specification is as 
least as good as that acceptable under any of the foreign speci- 
fications. 

American Italian 

French Russian 

Argentine 

AMERICAN SOCIETY FOR TESTING MATERIALS 
Standard Specifications and Tests for Portland Cement 
Definition. 

(1) Portland cement is the product obtained by finely pul- 
verising clinker })roduced by calcining to incipient fusion an 
intimate and properly proportioned mixture of argillaceous and 
calcareous materials, with no additions subsequent to calcination, 
excepting water and calcinecl or uncalcined gypsum. 

1. Chemical Properties 

Chemical Limits. 

(2) The following limits shall not be exceeded : 


• 

Per rent. 

Loss on ignition t • . 

. 4 ’00 

Insoluble residue 

. 0-85 

Sulphuric anhydi.v.lc (SO. 3) . 

. 2’00 

Magnesia (MgO) . . . 

• 5'00 
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II. Physical Properties 

'Afic Gravity. 

K 3) The specific gravity of cement shall be not less than 3*10 
0) ^or white Portland, cement). Should the test of cement as 
;ceiv(M fall below thik requirement, a second test may be made 
jpon an jgnitcd sample. The specific gravity test will not be 
made unless specifically ordered. 

Fineness. 

(4) The residue on a standard No. 200 sieve shall not exceed 
22 % by weight. 

Soundness. 

(5) A pat of neat , cement shall remain firm and hard, and 
show no signs of distortion, cracking, checking, or disintegration 
in the steam test for soundness. 

Time of Setting. 

(6) The cement shall not develop initial set in less than 
45 minutes when the Vicat needle is used, or 60 minutes when 
the Gillmore needle is used. Final set shall be attained within 
10 hours. 

Tensile Strength. 

(7) The average tensile strength in pounds per square inch of 
not less than three standard mortar biiquettes (see see. 51) 
composed of one part cement and three pa-rls standard sand, 
by weight, shall be equal to or higher than the following — 

Tensile strcn;»tli ; 


Age at test : Storage of Briquette<=; poumls per 

days. square jnrh. 

7 I day in moist air, 6 days in water. 200 

28 I day in moist air, 27 days in water. 300 


(8) The average tensile strength of standard mortar at 28 days 
shall be higher than the strength at 7 days. 

III. Packages, Marking, and Storage 
Packages and Marking. , 

(9) ,The cement shall be delivered in suitable bags or barrels 
with the brand and name of the manufacturer plainly marked 
thereon, unless shipped in bulk. A bag shall contain 94 pounds 
net. A barrel shall contain 376 pounds net. 
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Storage. 

(10) The cement shall be stored in such a manner ^is to 

easy access for proper inspection ani identification 01^ v.? h 
shipment, and in a suitable weather- tight buildin^, wl^h will 
protect the cement from dampness. # 

. 

IV. Inspection • 

(11) Every facility shall be provided the purchaser for careful 

sampling and inspection at either the mill or at the site of the 
work, as may be specified by the purchaser. At least 10 days 
from the time of sampling shall be allowed ft^r the completion 
of the 7 day test, and at least 31 days shall be allowed for the 
completion of the 28-day test. cement shall be tested in 

accordance with the methods hereinafter prescribed. The 
28-day test shall be waived only when specifically so ordered. 

V. Rejection 

(12) The cement may be rejected if it fails to meet any of the 
requirements of these specifications. 

(13) Cement shall not be rejected on account of failure to 
meet the fineness requirement if upon re-test after drying at 
too'" C. for one hour it meets this requirement. 

(14) Cement failing to meet the test for soundness in steam 
may be accepted if it passes a re-test using a new sample at any 
time within 28 days thereafter. 

(15) Packages varying more than 5 % from the specified 
weight may be rejected ; and if the average weight of packages 
in any shipment, as shown by weighing 50 packages taken at 
random, is less than that specified, the entire shipment may be 
rejected. 

* TESTS 

VI. Sampling 
Number of Samples. , 

(16) Tests may be made on individual or composite samples 
as may be ordered. Each test sample should weigh at least 

8 lbs. * . , 

(17) [a] Individual Sample. — If sampled in cars, one test 
sample shall be taken from each 50 barrels or fraction thereof. 
If sampled in bins, one sample shall be taken from each 
TOO barrels. 
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(17) (b) Composite Samples. — If sampled in cars, one sample 
shall be taken from one sack in each 40 sacks (or i barrel in each 
10 barrels) and combined to form one test sample. If sampled 
in binst^or warehousegi one test sample shall represent not more 
than 2oh barrels. 

Method of * 

(18) Cement may be samjjled at the mill by any of the following 
methods that may be practicable, as ordered — 

(a) From the con\'eyor delivering to tin*, bin. — At least 8 lbs. 
of cement shall be takt'ii from ap])roximatt‘ly each 100 barrels 
passing over the Von\'eyor. 

(b) From filled bins by means of propiT ^nmjding tubes. — 
Tubes inserted verticafiy may be iiseil lor sanijding cement to a 
maximum de])th of 10 feet. I'ubes instnh'd horizontally may 
be used where the construction of the bin p^mnits. Samjdcs 
shall be taken from points well distributed o\’er the face of 
the bin. 

(c) From filled bins at points of discharge.— Sufficient cement 
shall be drawn from the discharge ojXMiings to obtain samples 
representative of the cement contained in IIk' bin, as determined 
by the appearance at the dkeharge opi'ihngs of indicators placed 
on the surface of the cement directly above these oiienings before 
drawing of the cemtmt is started. 

Treatment of Sample 

(19) Samples prefeiably shall be shipped and ston'd in air- 
tight containers. Samples shall be jiassed through a sieve 
having 20 meshes per liiK'ar inch in order to thoroughly mix the 
sample, break up lumps and remove foreign materials. 

VII. Chemical Analysis 

Loss on Ignition. 

(20) Method. — One gr. of ccunent shall be heated in a 
weighed covered platinum crucible, of 20 to 25 c.c. capacity, as 
follows, using either method (a) or {h) as ordc’n'd- - 

(a) The crucible sliall be placed in a hole in an asbestos board, 
clamped horizontally so that about three- fifths of the crucible 
projects below, and blasted at a lull red heat for 15 minutes 
with an inclined flame : the loss in weight shall be checked by 
a second lilasting for 5 minutes. 'Care shall be taken to wipe 
off particles of asbestos that may adhere to the crucible when 
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withdrawn from the hole in the board. Greater neatness and 
shortening of the time of heating are secured by* making a holt 
to fit the crucible in a circular disc of shec* platinum and plac?% ^ 
this disc over a somewhat larger hole iiT an lasbcstps boaijV. 

(b) The crucible shall be placed in a inuffte at any tem]j^eratiirc 
between 900° C. and 1000'' C. for 15 minutej, and the lo:=sin weight 
shall be checked by a second heating for live minuted. 

(21) Permissible Variation . — A permissible variation of 0*25 
will be allowed, and all results in excess of the; specified limit 
but within this permissible variation shall i)C repoited as 4%. 

Uisoluhlc Residue. ■* 

(22) Method . — To a i gr. sample of rement shall be added 
ro c.c. of water and 5 e.c. of conceulrab'cf hydrochloric acid; 
the liquid shall b(' warmed until etferv('scence ceases. The 
solution shall be diluted to 50 c.c. and digested on a steam bath 
:>r hot plate until it is evident that decomposition of the cement 
.s complete. The residue shall be filtered, washed wuh cold 
water, and the filter-paper and contents digested in about c.c. 

)f a 5 % solution of sodium carbonate, the liquid being held 
it a temperature just short of boiling for 15 minutes. The 
•emaining residin' shall be filtered, washed with cold water, 
;hen with a fewv di ops of hot hydrochloric acid, i : 9, and finally 
with hot water, and then ignitt'd at a red heat and weighed as 
:ho insoluble, residue. 

(23) Pennissibie Variation . — A permissible variation of 0*15 
will be allowed, and all n'sults in excess of the siiecilicd limit 
3ut within this permissible variation shall be reported as 0’85 %. 

Sulphuric Anhydride. 

(24) Method . — One gr. of the cement shall be dissolved in 
i c.c. of concentrati'd hydrochloric acid diluted with 5 c.c. of 
water, with gentle wanning; when solution is complete 40 c.c. 

)f water shall be added, the solution filtered, and the residue 
washed thoroughly with w'atcr. The solution shall be diluted to 
150 c.c., heated to boiling and 10 c.c. of a hot 10 % solution of 
)arium chlorich^ shall bt^^ added slowly, drop by drop, from a 
)ipette, and the boiling continued until the j)recipitate is well 
ormed. The solution shall be digested on the steam bath until 
li^c precipitate has settk'd. "Hie precipitate shall be filtered, 
washed, and the paper and contents ])laced in a weighed platinum 
rucible and the paper slowly charred and consumed without 
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flaming. The barium sulphate shall then be ignited and weighed. 
^The weight obtained multiplied by 34*3 gives the percentage of 
j sulphuric anhydride. The acid filtrate obtained in the detcr- 
min& 4 ion of the insDlutfle residue may be used for the estimation 
of sulpjiuric anhydride instead of using a separate sample. 

(25) I\''rmissihle Variation . — A permissible variation of 0*10 
will be alloVv^ed, and all results in excess of the specified limit 
but within this permissible variation shall be reported as 2 %. 

Magnesia. 

{26) Method . — To 0*5 gr. of the cement in an evaporating dish 
shall be added 10 c.c. of water to prevent lumping, and then 
10 c.c. of concentrated hydrochloric acid. The liquid shall be 
gently heated and* agitated until attack is complete. The 
solution shall then be evaporated to com]>lete dryness on a 
steam or water bath. To hasten dehydration, the residue may 
be heated to 150° C. or even 200° C. for one-half to one hour. The 
residue shall be treated with 10 c.c. of concentrated hydrochloric 
acid diluted with an equal amount of water. The disli shall be 
covered and the solution digested for .10 minutes on a steam 
bath or water bath. 'Hie diluted .solution shall be filtered and 
the separated silica washed thoroughly with water.^ 

Five c.c. of concentrated hydrochloric acid and suificient 
bromine water to ]jreeij)itate an^c manganese which may be 
present shall be added to the filtrate (about 230 c.c.). This 
shall be made idkaline with ammonium hydroxide, boiled until 
there is but a faint odour of ammonia, and the preeijatated 
iron and aluminum hydroxides, after settling, shall be wn.shcd 
with hot water, once by decantation and slightly on the filter. 
Setting aside the filtrate, the precipitate shall be transferred by 
a jet of hot water to the precipitating vessel and dissolved in 
10 c.c. of hot hydrochloric acid. ‘ The paper shall be extracted 
with acid, the solution and washings being added to the main 
solution. 

The aluminum and i,ron shall then be re-precipitated at boiling- 
heat by ammonium hydroxide and bromine water in a volume 
of about 100 c.c., and the second precipitate shall be collected 
and washed on the filter used in the first instance if this is still 
intact. To the combined filtrates from the hydroxides of iron 
and aluminum, reduced in volume if need be, 1 c.c. of ammonium 

^ Since thi.s procedure does not involve the determination of silica, a 
second evaporation is unnecessary. 
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hydroxide shall be added, the solution brought to boiling, 25 c.c. 
of a saturated solution of boiling ammonium oxalate added, ai I 
the boiling continued until the precipitn ,ed calcium oxalate \ , 
assumed a well-defined granular form. - ^ ^ 

The precipitate after one hour shall be filtered a nd^ washed, 
then with the filter shall be placed wet in a platiiiuii cnicible 
and the paper burned off over a small flame of a H^msen burner ; 
after ignition it shall be re -dissolved in hydrochloric acid and the 
solution diluted to 100 c.c. Ammonia shall be added in slight 
excess, and the liquid boiled. The lime shall then be re -precipi- 
tated by ammonium oxalate, allowed to stand until settled, 
filtered and washed. The combined filtrates from the calcium 
precipitates shall be acidified with hydrochloric acid, concen- 
trated on the steam bath to about 150 c.c. and made slightly 
alkaline with ammonium hydroxide, boiled and filtered (to 
remove a little aluminum and iion, and perliaps calcium). Wlien 
cool, 10 c.c. of satunited solution of sodiuni-ammoni urn-hydrogen 
phos])hale shall be added, with constant stirring. Wb<'n the 
crystallin ammonium-magnesium orthophosphate has foimed, 
ammonia shall be added in moderate excess. 

The solution shall be set aside for several hours in a cool 
place, filtered and washed with water containing 2*5 of NH3. 
The precipitate shall be dissolved in a small quantity of hot 
hydrochloric acid, the solution diluti^d to about 100 c.c. of a 
saturated solution of sodium-ammonium-hydrogen phosphate 
added, and ammonia drop by drop, with constant stirring, until 
the precipitate is again fonned as described and the amnionia 
is in moderate excess. The precipitat(.‘ shall then be allowed to 
stand about two hours, filtered and washed as before. The 
paper and contents shall be placed in a weighed platinum cru- 
cible, the paper slowly charred, and the resulting carbon carefully 
burned off. The precipitate •shall then be ignited to constant 
weight over a Mckcr burner, or a blast not strong enough to 
soften or melt the pyro-phosphatc. The weight of magnesium 
pyrophosphate obtained multiplied by yz ‘5 gives the percentage 
of magnesia. 

The precipitate so obtained always contains some calcium 
and usually small quantities of iron, aluminum and mangiyiese 
as phosphate. 

(27) Permissible Variation - -A permissibk' variation of O’q will 
be allowed, and all results in excess of the specified limit but 
within this permissible variation shall* be reported as 5 
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VIII. Determination of Specific Gravity 

* f 

Aj\paratii$. 

(2u) The detcrmir}ation of specific gra^ity shall be made with 
a stamlardised le Ch'atelior apparatus which conforms to the 
rc(piirci-ncpts illustrated in Fig. 8i. This apparatus is standard- 
ised by the ..United v^catc'S Bureau of Standards. Kerosene 
free from water, or benzine not lighter than 62° Baume, shall 
be used in making this determination. 


M clhod. 

(2q) The flask shall be filled with either of these liquids to a 
point on the stem betwecai zero and i c.c., and 64 gr. of cement, 
of the same tempcTaPire as the liquid, shall b(‘ slowly intioduced, 
taking care that the cement does not adlu're to the inside of the 
flask above the licpiid, and to fiee the cement from air by rolling 
the flask in an inclined position. After all the cement is intro- 
duced, the level of the liquid will rise to some division of the 
graduated neck; the difference between readings is the volume 
displaced by 64 gr. of the cement. 

The specific gravity shall then be obtained from the formula — 


SrxTifir £.riviiv - — 

bpctilic grcuity - volume (c.c.) 


(30) The flask, during th(' operation, shall be kept immersed 
in water in order to avoid variations in the tcauperature of the 
liquid in the flask, which shall not exceed G'5^' C. The results of 
repeated tests should agree within o-oi. 

(31) The determination of specific gravity shall be made on 
the cement as received; if it falls below 3' 10, a second deter- 
mination shall be made after igniting the sample as described in 
section 20. 


IX. Determination of Fineness 

Apparatus. 

(32) Wire cloth for standard sieves for cement shall be woven 
(not twilled) from brass, bronze, or other suitable wire, and 
mounted without distortion on frames not less than in. 
below the top of the frame. The sievcTrames shall be circular, 
approximately 8 in. in diameter, and may be provided with a 
pan and cover. 

(33) A standard No. 200 sieVe is one having nominally an 
0*0029 opening and 260 wires per inch standardised by the 



appendix 


237 



United States Bureau of Sttindards, and conforming to the 
following requirements — 

The No. 200 sieve shoala 4iave 200 wires per inch, and the 
number of wires in any whole inch shall not be outside the limits 
of 192 to 208. No opofiin^ between adjacent parallel wires shall 
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be more than 0*0050 in. in width. The diameter of the wire 
should be o*oo'^i in., and the average diameter shall not be 
♦oulsjde the limits 0*0019 in. to 0*0023 in. The value of the 
sieve determined^ Uy sieving tests made in conformity with 
the staj?daid specification for these tests on a standardised 
cement which gives a refidiie of 25 to 20 % on the No. 200 sieve, 
or on other similarly graded material, shall not show a variation 
of more than 1*5 % above or below the standards maintained at 
the Bureau cf Standards. 

Method, 

(34) The test shall be made with 50 gr. of cement. The sieve 
shall be thoroughly clean and dry. The cement shall be placed 
on the No. 200 sieve, with pan and cover attached, if desired, 
and shall be held in one hand in a slightly inclined position, so 
that the sample will bc‘ well distributed over the sieve, at the 
same lime gently striking the side about 150 times per minute 
against the palm of the other hand on the upstroke. The sieve 
shall be turned every 25 strokes about one-sixth of a revolu- 
tion in tile same <lirection. The operation shall continue until 
not more than o*()5 gr. passes through in one minute of con- 
tinuous sieving. The fineness shall he determined from the 
weight of the residue on the sie\^e expressed as a percentage of 
the weight of the original sample. 

(35) Mechanical sieving dinnccs may be used, but the cement 
shall not be rejected if it meets the fineness requirement when 
tested by the hand method described in section 34. 

Permissible Variation. 

(36) A permissible variation of i will be allowed, and all 
results in excess of the specified limit but within this permissible 
variation shall be reported as 22 %.' 

X. Mixing Cement Pastes and Mortars 

Method. 

(37) The quantity of dry material to be mixed at one time 
shtill not exceed 1000 gr., nor be less tha«i 500 gr. The propor- 
tions of cement, or cenicmt and s?.nd, shall be stated by weight 
in grams of the dry materials : the quantity of water shall be 
expressed in cubic centimetres (i ChC. of water — i gr.). The dry 
materials shall be weighed, placed upon a non- absorbent surface, 
tlioroughly mixed dry if sand is used, s,nd a crater formed in 
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the centre, into which the proper percentage of clean water 
shah be poured ; the material on the outer edge shall be turned 
into the crater by the aid of a trowel. Af.er an interval of 
half minute for the absorption of the watty: the operation ^lall 
be completed by continuous, vigorous mixing, squcezii^, and 
kneading with the hands for at least onc,minutc.^ During the 
operation of mixing, the hands should be protected by rubber 
gloves. 

(38) The temperature of the room and the mixing*water shall 
be maintained as nearly as practicable at 21° C. (70° F.). 

XI. Normal Consistency 
Apparatus. * , 

(39) Tile Vicat apparatus consists of a frame, bearing a mov- 
able rod weighing 300 gr., one end being i cm. in diameter for 
a distance of 6 cm., the other having a removable needle i mm. 
in diameter, 6 cm. long. The rod is reversible, and can be held 
in any desired position by a screw, and has midway between the 
ends a mark which moves a scale (graduated to millimetres) 
attached to the frame, 'i'he paste is held in a conical, hard- 
rubber ring, 7 cm. in diameter at the base, 4 cm. high, resting 
on a glass plate about 10 cm. square. 

Method. 

(40) In making the deteraiination, 500 gr. of cement, with a 
measured quantity of water, shall be kneaded into a paste, as 
described in section 37, and quickly formed into a ball with the 
hands, completing the ojieration b}^ tossing it six times from one 
hand to the other, maintained about 6 in. apart; the ball, 
resting in the palm of one hand, shall be pressed into the larger 
end of the rubber ring held in the other hand, completely filling 
the ring with paste; the excess at the larger end shall then be 
remov:;d by a .single movement of the palm of the hand : the 
ring shall then be placed on its larger end on a glass plate and 
the excess paste* at the smaller end sliced *011 at the top of the 
ring by a single oblique stroke of a trowel held at a slight angle 

1 In order to secure uniformity in the results of tests for the time of 
setting and tensile strength, the manhe^ of mixing above described should 
be carefully followed. At Icjist one minute is necessary to obtain the 
desired plasticity, which is not appreciably affected by continuing the 
mixing for several minutes. The clact time necessary is dependent 
upon the personal equation of the operator. The error in mixing should 
be on the side of over-mixing. 
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with the top of the ring. During these operations care shal 
be taken not to compress the paste. The paste confined in th< 
^ ring, resting on the plate, shall be placed under the rod, the large: 
end (:)f which shall* b^ Drought in contact with the surface of th< 
paste, ^ he scale shall be then read and the rod quickly released. 

The jfuste shall be pf normal consistency when the rod settle: 
to a point io mm. below the original surface in one-half minute 
after being released. The apparatus shall be free from al 
vibrations riuring the test. 

Trial pastes shall be made with varying percentage of wate: 
until the norinal consistency is obtained. The amount of wate; 
required shall be expressed in percentage by weight of the dn 
cement. 

(41) The consistency of standard mortar shall depend on tin 
amount of water rc(iuired to produce a paste of normal consist 
cncy from the same sample of cement. Having determinec 
the normal consistency of the sample, the consistency of standarc 
mortar made from the same sample shall be as indicated in th( 
following laMe, the values being in percentage of the com bin ec 
dry weights of the cement and standard sand. 


Peneniage of IValey for ^iandavd Moyiari>. 


of water for 

J\r<enlag;<‘ of water for 

neat cciiu iit pa" le <jf 

oiie eenifiil, thn i standartl 

iv rnial (.oiibisleiRv. 

OUiw.i-.and. 
____ _( 

15 

9-0 

16 

9'2 

17 

9'3 

18 

9-5 

19 

9*7 

20 

9'8 

21 

10*0 

22 

10*2 

23 

, 10-3 

24 

10*5 

25 

10*7 

20 

10-8 

27 

II'O 

• 28 

11*2 

29 

1 1 *3 

30 

11*5 
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XIL Determination of Soundness 

Apparatus. 

(42) A steam apparatus, which can be maintained at a tem- 
perature between 98^ C. and ioq"" f., is recommended. The 
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capacUy of this apparatus may be increased by using a rack for 
holding the pats in a vertical or inclined posiliQii. 

M eiJiod. 

(43) A pat from cement paste ol nonlial consistency 'about 
3 in. in diameter, .[ in. thick at the centre, anJ tapedng to a 
thin ('dge, shall be made on clean glass ]iiat(‘S about 4 in. square, 
and stored in moist air for 24 hours. In moulding the pat, the 
cement ]:)aste shall first be flattened on the glass ^id the pat 
then formed by di awing the trowel from the ouh?r'edge towards 
the centre. 

(44) The ])at shall then be placed in an atmo.Aph('re of steam 
at a temperature Ixdweeii 98'' C. and 100^’ C. upon a suitable 
sujiport I in. above* boiling water hr five h«urs. 

(45) Should tin* pat leave the jilate, distortion may be de- 
tected best with a straight edge ap]died to the surface which 
was in contact with the plate. 

XITI. Dili ERMlNA'l ION 01* TIxME OF SeTTINO 

(46) 'fhe following are alternate methods, either of which 
may be used as ordered — 

Vicai Apparatus. 

(47) The time of setting shall be determined with the Vicat 
apparatus described in section 39. 

(48) A paste of normal consistency shall be moulded in the 
hard-rubber ring, as described in section 40, and placed under 
the rod, the smaller end of which shall then be carefully brought 
in contact with the surface of the })aste, and the rod quickly 
ndeased. The initial set shall be said to have occurred when 
the needle ceases to pass a point 5 mm. above the glass plate in 
one-half minute after being released; and the final set, when 
the needle does not sink visibly into the paste. The test pieces 
shall be kept in moist air during the test. This may be accom- 
plished by placing them on a rack ove]- water contained in a 
pan and covered by a damp cloth, kept from contact with them 
by means of a wire screen, or they may be stored in a moist 
closet. Care shall be taken to keep the needle clean, as the 
collection of cement on the sides of the needle retards the pene- 
tration, while cement on the point may increase the penetration. 

The time of setting is affected not only by the percentage and 
temperature of the water u^ed and the amount of kneading the 
R 
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paste receives, but by the temperature and humidity of the air, 
and its determination is therefore only approximate. 

'GilUrnrc Needles. 

(49)' The time of setting shall be determined by the Gillmore 
needles. " The Gillmore needles should preferably be mounted, 
as shown iri Fig. 82. 



Fig. 82. — Gillmore Needles. 


Gillmore Melhod. 

(50) The time of setting shall be determined as follows A 
pat of neat cement paste about 3 in. in diameter and I in. in 
thickness with a flat top (Fig. 83), mixed to a nonnal consistency. 



Fig. 83. — Setting-time Pat. 


shall be kept in moist air at a temperature maintained as nearly 
as practicable at 21° C. (70"" F.). The cement shall be considered 
to have acquired its initial set when the pat will bear, without 
appreciable indentation, the Gillmore needle one-twelfth in. in 
diameter, loaded to weigh one-fourth pound. The final set has 
been acquired when the pat will bear, without appreciable 
indentation, the Gillmore needle one twenty-fourth in. in 
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diameter, loaded to weigh one pound. In making the test, the 
needles shall be held in a vertical position, and applied light’ y 
to the surface of the pat. 

XIV. Tension Tests 

Form of Test Piece. 

(51) The form of lest piece shown in l"ig. 84 shall be used. 
The moulds shall be made of non-corroding meta’ and have 



T 


Fig. 84. — Standard Briquette. (American.) 

sufficient material in the sides to prevent spreading during 
moulding. Gang moulds may also be used. Moulds shall be 
wiped with an oily cloth before using. 

Standard Sand. 

(52) The sand to be used shall be natural sand from Ottawa, 
111 ., screened to pass a No. 2 sieve and retained on a No. 30 
sieve. This sand may be obtained frqm tlic Ottawa Silica Co., 
at a cost of 2 cents per pouid f.o.b. cars, Ottawa, 111 . 
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(53) This sand, having passed the No. 20 sieve, shall be con- 
sidered standard when not more than 5 gr. pass the No. 30 sieve 

‘'after one minute continuous sieving of a 500 gr. sample. 

(54) The sieves sfiaM conform to the following specifications — 

The No. 20 sieve shall have between 19*5 and 20*5 wires per 

wliole in?h of the warp wires, and between 19 and 21 wires per 
whole inch of the shoot wires. The diameter of the wire should 
be 0*0165 in., and the average diameter shall not be outside the 
limits of o*(^x6o and 0*0170 in. 

The No. 30 sieve shall have between 29*5 and 30*5 wires per 
whole inch of *he warp wires, and between 28*5 and 31*5 wares 
per whole inch of the shoot wires. The diameter of the wire 
should be 0*0110 in., and the average diameter shall not be 
outside the limits 0*0105 to 0*0115 in. 

Moulding. 

(55) Immediately after mixing the standard mortar shall be 
placed in the moulds, pressed in firmly with the thumbs, and 
smoothed off with a trowel without ramming. Additional 
mortar shall be heaped above the mould and smoothed olf with 
a trowel; the trowel shall be diawai over the mould in such a 
manner as to exert a moderate pressure on the material. The 
mould shall then be turned over and the operation of heaping, 
thumbing, and smoothing off repeated. 

Testing. 

(56) Tests shall be made with any standard machine. The 
briquettes shall be tested as soon as they are removed from the 
water. The bearing surfaces of the clips and briquettes shal 
be free from grains of sand or flirt. The briquettes shall be 
carefully centred and the load applied continuously at the rate 
of 600 pounds per minute. 

(57) Testing machines should be frequently calibrated ir 
order to determine their accuracy. 

FaiiUy Briquettes. , , 

(58) Briquettes that are manifestly faulty, or which giv( 
strengths differing more than 15 % from the average value of al 
test pieces made from the sample and broken at the same period 
shall not be considered in determining ^the tensile strength. 
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XV. Storage of Test Pieces 

Apparatus. 

(59) The moist closet may consist of ,a soapstone or ^ 

box, or a wooden box lined with metab a woodei r^ox is 
used, the interior should be covered with felt or* broad* wicking 
kept wet. The bottom of the moist ebset should 1^5 covered 
with water. The interior of the closet should be providi'd with 
non-absorbent shelves on which to place the tost^ pieces, the 
shelves being so arranged that they may be withd.^ Jwn readily. 

Methods. 

(60) Unless otherwise specified, all test pieces, immediately 
after moulding, shall be placed in t4ie n^oist closet for from 
20 to 24 hours. 

(61) The bricpK'tles shall be kept in moulds on glass plates 
in the moist closet for at least 20 hours. After 24 hours in 
moist air the briquettes shall be immersed in clean water in 
storage tanks of non-corroding material. 

(62) The air and water shall be maintained as ncaiiy as 
practicable at a temperature of 21^ C. {70'' F.). 


FRENCH (GOVERNMENT SPECIFICATION 
MINISTERIAL DECREE 

CONCERNING 

THE SUPPLY OF CEMENTS AND HYDRAULIC LIME 

Issued by the Ministry oi Public Works, June 2, 1902. 
Modified, November 29, 1904, November 9, 1909, 

and December 24, 1910. 

• 

General Regulations . entire supply of cement and lime 
concerned with the execution of the works dependent of the 
Administration of Public WorCs, whether in case of confracts 
with supply without use or those with both supply and employ, 
is to be subject to the follomng regulations, in all respects 
applicable to them. 



246 


APPENDIX 


Mode of Delivery . — The cement and lime, when supplied in 
powder, arc to be delivered in sacks or barrels, 
r The sacks are to contfiin a net weight of 25 or 50 kilos ; they 
are be stitched ^infride and closed by means of a lead seal 
with the manufacturer’s trade mark, in a manner approved by 
the Administration. c 

The barrels arc to have on one of their ends the trade mark, 
and on the other the net weight of cement or lime which they 
contain. 

The sacks or l arrels shall be in perfect condition at the time of 
delivery. All (jpment and hme which has been affected by damp 
will be rejected. 

On the arrival of each 'delivery, the bills of lading or freight 
notes will be communicated to the engineer. 

Storage . — The sacks or barrels of cenunt or lime will be kept 
in very dry storehouses, closed and covered in. They will be 
placed there in distinct heaps, corresponding to each delivery. 

The contractor will have the care of and responsibility for the 
cement and lime in the storehouse until the moment of use. 

All sacks or barrels of cement or of lime which may be injured, 
or the coverings of which arc not in good condition at the time 
of delivery for use, will be rejected. 

Tests . — No cement or lime may be used without having been 
submitted to the tests prescribed by the specilication specially 
made out by the authorities, and accepted provisionally. 

The engineer will have the right to carry out repeatedly, 
during the whole time of storage of the lime and cement, accepted 
provisionally, the tests required by the particular specifications 
of the authorities, and to reject the lots w'hich do not satisfy 
these, at the moment when they are delivered for use, or at that 
of the final reception, on the conditions required for these tests. 

If the tests give unfavourable*' results, the contractor may 
require them to be made again in the laboratory of the ficole 
des Fonts et Chaussees. 

Selection of Samples.-^ -Tho, samples to be submitted to the tests 
are to be taken at different depths and positions, from several 
sacks, barrels or heaps designated by the engineer. The cement 
or lime taken from different plages shall not be mixed together. 

Quality . — The cement or lime must be of uniform composition 
and quahty. It shall contain uq unburnt or foreign matter. 

Fineness of the Grinding . — The tests will be carried out on a 
sample of 100 gr. The sifting will be effected by means of 
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a sieve of 324, 900 or 4,900 meshes per square cm., the wires 
of these three sieves are to have the respective thicknesses .ti 
twenty, fifteen or five-hundredths of a #.im. 

Apparent Density.— T\\^ apparent ity will.be aF":e;'taine(l 
by pouring the cement or lime gently, without ’letting it heap 
up, into a metal measure of cylindrical shape, with ^ capacity 
of I litre and a height of lo cm. * 

The cement or lime contained in the measure will^be weighed. 
For the apparent densit^g the average of the weic^t.^ ascertained 
in three succcissive o])erations will be taken, i 

In case of doubt, the measure will be filled 'cV^am by means of 
a funnel, with a sic\'e bottom in perforated metal ])latc, with 
holes of 2 mm. each; this funnel is'*so jiiaced that its narrow 
end is 5 cm. above the measure, 'ine cement or lime is poured 
in gradually without any shock or agitation. When the measure 
is full, the superlluous matter is removed by passing over its 
uppti' edge a sheet of metal held vertically. 

Duration of Selling.— Thu cement or lime is mixed vith fresh 
water into a stiff paste, and made into the form of a pat of 
a thickness of 4 cm. approximately, which must be then 
plunged either into fresh or salt water, according to the instruc- 
tions given in the specifications of the authorities. The cement 
or lime, the mixing water, and the immersion bath are to be at 
the temperature of at least 15'' C., in the case of fixing the 
maximum rapidity of setting, and of at most 15'’ C. in the case 
of fixing the minimum. 

The setting is considered to begin from the moment when the 
standard needle, with a section of one sq. mm. and a weight of 
300 gr., can no longer pass through the whole cake. 

The setting is considered to end at the moment when the 
surface of the pat can support the same needle without its 
penetrating to any appreciable extent, such as O'l mm. 

In case of dispute, the term stiff paste shall be determined as 
follows The paste shall be gauged at the rate of 5 minutes per 
kilo and filled into a mould 4 cm. deep. This paste shall be 
pierced to within 6 mm. of the bottom of the mould by a 
consistency plunger of i. cm, diameter and weighing 300 gr. 

Tensile Strength.— The^ testi of tensile strength may b^ made 
on the stiff paste of cement or pure lime, and on the plastic mortar 
of cement or lime steeped L.. fresh water. They will be carried 
out by means 6f test pieces in figures of 8, with a middle section 
of 5 square mm. 
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The moulds used in making the test pieces are filled in one 
(Operation, being, first shaken to expel air-bubbles. The paste 
cOr ihortar is then compre^ssetl with a trowi‘1, but not beaten down ; 
then,\yith lhe.blade*of*the trowel, the surplus matter is remo\'cd 
from thor edges* of the mould, and the surface is smoothed. 

Each t^t entails the ^breaking of six samples. The resistance 
to traction is estimated at the average of the four highest results. 

The mortar is to be made up in wc'ight at the rale of one part 
of cement oV lime to three of dry sand. The sand is to be com- 
posed of equal p;4’ts of grains of three sizes separated by the four 
sieves of metal^ plate perforated by holes, i, i^, and 2 mm. 
diameter. 

The samples, after having been kept in a damji atmosphere, 
sheltered from draughts and from the sun dining a time tlie 
duration of which has been fixed by the ])articular specification 
of the autliorities, are to be taken out of the moulds, and immersed 
in fresh water, according to flu* directions of the specification. 
In every case the water is to be removed once a w(‘ek. 

In case of doubt, the firm paste of cement or of pure lime is 
regarded as being that which is defined as for setting time, and 
the plastic mortar of cement or limc' as a mortar made by means 
of sand from the beach of Lcucat?, srpjilied by the Administra- 
tion, and moistened by a (juantily of wat( r equal for a kilo 
of dry material to 55 gr. plu^ ‘ ib, P. being the weight of water 
necessary to transform one kilo of cement or of lime into a firm 
paste. 

The tests of distortion under the influence of cold will be 
made with pats of cement or lime worked into a firm paste with 
fresh water. The pats arc about 10 cm. in diameter and 
2 cm. thick, and arc thinned at the edges and placed on plates 
of glass. The pats will be steeped under conditions fixed 
by the particular specification of 'the authorities, and will be 
kept in the water until the cement or lime has bc‘en definitely 
accepted. 

None of the pats must have the least sign of blowing or buck- 
ling. The edges of the pats must adhere finnly to the glass, and 
must not rise at any place. 

Th^ tests of distortion under ^the influence of heat will be 
made on cylindrical test pieces of a diameter and height of 30 
mm. moulded in a brass tube half a mm. in thickness, split 
vertically and having a ijeedlc soldered on ca'ch side of the 
opening, 150 mm. in length. « 
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During the twenty-four hours following ganging, the test pieces 
are to be immersed in water, which is to be raised by degrees ■ 
a temperature fixed by the specification and then cbiiied tv.’ b 
initial temperature. The increase of disi''n(toc betw'^'Ci the foinis 
of the needles must never exceed the distance laid do\;'.' in the 
specifications. 

None of the pats or test pieces must show the® least ^trace of 
blowing or distortion, or any cracks, or other defects. The 
edges of the pats must remain adhering t'* . gi9.5, and must 

not rise in any place. 

The water in which the test pieces and pats are stored must 
be kept at a temperature between 12'^ C. and 18° C. 

The cement and lime rejected are be taken away from the 
warehouses by and at cost of the, t^ontractor within ten days, 
dating from the official notification of rejection. 


SPECIFICATION, TYPE NO. i 

For the Supply of Portland Cement intended for Works 
Lying Open to the Sea 

Definition of the Product . — The Portland cement is to be 
produced by grinding an intimate mixture of carbonate of lime, 
silica, alumina and iron, and burning to incipient fusion. 

Origin and Inspection at Factory . — The cement is to be supplied 
directly and exclusively from (the name of works to be specified). 

The Administration reserves the right to exercise control at 
the works, both with respect to the manufacture, the preserva- 
tion and delivery of the cement supplied in fulfilment of the 
present contract. 

Special inspectors may be appointed permanently for this 
purpose. 

Mode of Delivery . — The cement shall be delivered (in sacks or 
barrels). 

Chemical Composition . — The cement .must not contain more 
than 1*5 % of sulphuric acid, or more than 2 % of magnesia, or 
8 % of alumina, or moje than traces of sulphides. 

The hydraulic coclficient— e. the proportion between the 
weight of the combined silica and alumina on the one side, and 
the weight of lime and magn esia on the other side—is to be at 
least 0*47 for ar content of alumina of 8 %, with a decrease of 
0*02 for each i % of alumina below 8. 
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Fineness of Grinding. — The cement should leave at most ro % 
ef its weight on . the sieve of 900 meshes per sq. cm. 

^ Apparent Density. — TJie weight per litre of cement is to be 
l,20C^ gr. at legist. , 

Setting Time. — The cement immersed in fresh water must not 
begin to set until twent;/ minutes have passed. 

The Svettiiig must be completely finished in a period of not less 
than three or more than twelve hours. 

Tensile of Neat Cement. — The briejuettes of neat cement, 

when inimersed''^n sea water, at the end of twenty-four hours, 
must show a resistance or tensile strength per sq. cm. of at least — 

25 kilos at the end of 7 days. 

35 kilos a* the end of 28 days.^ 

The resistance must be increased by at least three kilos from 
the seventh to the twenty-eighth day. 

Tensile Strength of the Cement Mortar. — Briquettes of mortar, 
when immersed in sea water, at tluj end of twenty-four hours, 
must show tensile strength per sq. cm. of at least — 

8 kilos at the end of a week. 

15 kilos at the end of 28 days.- 

Thc resistance must be increased by at least 2 kilos from 
the seventh to the twenty-eighth day. 

Distortion under Cold and Hcat.— T\\o pats and test jiieces arc 
to be kept in a damp atmosphere for t\\»Mity-four hours; the 
pats are then to be immersed in sea water. The tempeiature 
of the test by distortion under the influence of heat shall be 
100° C. ; it is to be kept up for three hours. The increase of 
the distance between the points of the needles must not exceed 
5 mm. 

SPECIFICATION, JYPE NO. 3 

For the Supply of Portland Cement intended for Works 
Not Lying Open to the Sea 

Definition of the Product. — The Portland cement is to be pro- 
duced by grinding an intimate mixture of carbonate of lime, 
silica, alumina and iron, and burning to 'Incipient fusion. 

^ 'Pile figures given arc to be regaftled as a minimum. The engineers 
can increase them after being satisfied that the works can supply his 
requirements. 

2 Same observation as Art. 8. The minimum resist^incc required was 
reduced from to ii kilos by the treatise of November 29, 1904. (See 
further on.) < 



APPENDIX 


251 

Supply and Control at the Works, — ^The cement is to be supplied 
directly and exclusively by (as specified). 

The Administration reserves the rigl' . to keep a contiu' « ^ 
the works, both with respect to tht' luarukicture, the i^rc^erva- 
tion and the delivery of the cement supplied in fuiyment of 
the present contract. , 

Special inspectors may be appointed permanently ^for this 
purpose. 

Mode of Delivery, — ^The cement is to be delivered *(in sacks or 
in barrels). 

Chemical Composition. — Tin; cement must not contain more 
than 3 % of sul})liuric acid, or more than 5 % "of magnesia, or 
more than 10 % of alumina, or more i ban traces of sulphides. 

Fineness of Grindin^^,- -The ceineiic mus*t leave at most 30 % 
of its weight on the sieve of 4,900 meshes per sq. cm., and 10 % 
on the sieve of 900 meslies. 

Apparent Densily.— 'lhet weight of the litre of cement must be 
at least 1,100 gr. 

Setting Time, — The cement immersed in fresh water must not 
begin to set until twenty minutes have elapsed. 

The setting must be completely finished in a period of not less 
than two hours or more than twelve hours. 

Tensile Strength of Neal Cement.— -The briquettes of neat cement 
immersed in fresh water at the end of twenty-four hours must 
show a tensile strength per sq. cm. of at least— 

25 kilos at the end of 7 days. 

35 kilos at the end of 28 days.^ 

The resistance must be increased by at least 3 kilos from 
the seventh to the twenty-eighth day. 

Tensile Strength of Cement Mortar. — The test pieces of mortar, 
immersed in fresh water at^the end of twenty-four hours, must 
show a tensile strength per sq. cm. of at least — 

8 kilos at the end of 7 days. 

15 kilos at the end of 28 days.^ 

The resistance must bo increased by at least 2 kilos from 
the seventh day to th<* twenty-eighth day. 

Distortion under the Infiueme of Heat. — The test sampfes will 
be kept in a damp atmosphere during twenty-four hours. The 

^ The figures .given are the minimum. The engineers can increase 
them after being* assured that the works are in a position to obtain what 
they require. ^ 
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testing temperature will be loo® C., and will be kept up for three 
hours. The increase of the distance between the points of the 
^needles must not exceed lo mm. 


Italian Specification Issued by the Ministry of 
Public Works 


Rules and Conditions 

FOR THE TESTINC; AND RECICPTION OF 
HYDRAULIC CEMENTS 

AND 

STANDARD REGULATIONS 

For the Kxecution of Works in 

REINFORCED CONCRETE 
Approved of by Ministerial Decree of fanmry Joth, 1912. 


STANDARD METHODS FOR TESTING 
HYDRAULIC CEMENTS 

PART I 

GENERAL REGULATIONS 

1. Fineness of Grinding 

The fineness of the grinding will be determined by means of 
square-meshed sieves, with 900 and 4,900 meshes per sq. cm., 
made of wires of a respective diameter of 0*15 and 0*05 mm. 

The tests arc to be made- on two samples of 50 gr. each, and 
the percentage is to be calculated from the two results obtained. 

Hand sifting will be considered completed when, after 25 
revolutions of the arm, the material which has passed through 
the sieve is not more than o'lo gr. 

The result of a sifting will be ascertained by calculating the 
residue which has not passed through the sieve. 
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II. Specific Gravity 

The determination of the specific grax' ty may be made 
any of the methods already known, pro\ idc^:l that the apparatus' 
used enables us to ascertain exactly the hrst and sccona decimal 
figure, with an approximation of two um'ts. 

It is necessary to make certain, before 'testing, thot the material 
has been previously dried and thoroaghly pulverised sO that it 
will pass through a sieve of 900 meshes. 

During the operations for the determinatiev^ of the density, 
the temperature of the apparatus, of the matdial and the liquid 
must be about 15° C. 

III. Apparent ^^jvNSI'^y 

The apparent density will be given by the weight of a cylindrical 
measure, with circular section, of the capacity of i litre and of 
a height of 10 cm., filled by means of a sifting funnel. 

The apparatus consists of a vertical funnel, the section of 
which horizontally at the base is a circle 20 mm. in diameter, 
and at 150 mm. above the base is a circle of a diameter of 150 mm. 
At this height a perforated plate is put in, with about 1,050 holes 
of 2 mm. diameter for each sq. dcni. 

The funnel is prolonged by means of a cylindrical tube of 
20 mm. diameter and 100 mm. length, and is sustained on a tripod. 

Wlien the measure is placed under the funnel, at a distance 
of 50 mm. from the lower end of the cylindrical tube, the cement 
is poured on the perforated plate in amounts of about 300 gr. 
at a time, and this is stirred about by a sort of wooden shovel 
40 mm. wide to facilitate the passage of the cement through. 
The filling of the measure is stopped when the base of the cone, 
which is gradually raised above the same, reaches the upper 
end of the measure. The cxgess of material is removed by passing 
over the upper edge of the measure a level plate of metal, keeping 
it in a vertical plane. 

During the whole time of these operations, care must be taken 
not to shake the measure of the apparatus. 

The weight per litre will be ascertained from the average 
obtained with the results of three consecutive operations. 

IV. ST^NDARD Paste 

On a slab of marble there is spread out in the shape of a 
wreath i kilo of cement, into the middle of which there is 
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testing temperature will be ioo° C., and will be kept up fr • three 
hours. The increase of the distance between the points of the 
^ne(?dles must not exceed lo mm. 


ItaliaV ^PECii * ic atton Issued by the Ministry d 1' 
J\HiLic Works 


Ruirs ANit Conditions 

FOR THE TESTING AND RECEPTION OF 
Hy]>RArLIC CEMENTS 

AXl) 

STANDARD I^^EGULATIONS 

I'i>R TMC I.xEct'xri.) OF Works r: 

reinforcf:d c ( > cr i : te 

Approved of (jv ]\Iinisieyi({l Decree oj fanuai'y lidl , 1912. 


STANDARD METHODS F('R TESDNCx 
HYDRAULIC CEMENTS 

rVRT J 

GENERAL REGULATIONS 

I. Fineness of Grinding 

The fineness of the grinding will be determined by means of 
square-meshed sieves, with 900 and 4,900 meshes per sq. cm., 
made of wires of a respective diameter of 0*15 and 0*05 mm. 

The tests arc to be made., on two samples of 50 gr. each, and 
the percentage is to be calculated from the two results obtained. 

Hand sifting will be considered completed when, after 25 
revolutions of the arm, the material which has passed through 
the sieve is not more than o'lo gr. 

The result of a sifting will be ascertained by calculating the 
residue which has not passed through the sieve. 
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IL Specific Gravity 

The determination of the specific gravity may be made v;ith 
any of tlie methods already known, provided that the appgiratu^ 
used enables us to ascertain exactly the hVst and second decimal 
figure, with an approximation of two units. ^ * 

It is necessary to make certain, before 'testing, that the material 
has been prc^viously dried and thoroughly pulverised sf> that it 
will pass through a sieve of 900 meshes. 

During the operations for the detcrminatic'^ of the density, 
the temperature of the apparatus, of the mateffial and the liquid 
must be about 15° C. • 

III. Apparent DiiNSiUY 

The apparent density will be given by the weight of a cylindrical 
measure, with circular section, of the capacity of i litre and of 
a height of 10 cm., filled by means of a sifting funnel. 

The apparatus consists of a vertical funnel, the section of 
which horizontally at the base is a circle 20 mm. in diameter, 
and at 150 mm. above the base is a circle of a diameter of 150 mm. 
At this height a perforated plate is put in, with about 1,050 holes 
of 2 mm, diameter for each sq. dcm. 

The funnel is prolonged by means of a cylindrical tube of 
20 mm. diameter and 100 mm. length, and is sustained on a tripod. 

When the measure is placed under the funnel, at a distance 
of 50 mm. from the lower end of the cylindrical tube, the cement 
is poured on the perforated plate in amounts of about 300 
at a time, and this is stirred about by a sort of wooden shovel 
40 min. wide to facilitate the passage of the cement through. 
The filling of the measure is stopped when the base of the cone, 
which is gradually raised above the same, reaches the upper 
end of the measure. The excess of material is removed by passing 
over the upper edge of the measure a level plate of metal, keeping 
it in a vertical plane. 

During the whole time of these operations, care must be taken 
not to shake the measure of the apparatus. 

The weight per litre will be ascertained from the average 
obtained with the results of three consecutive operations. 

IV. ST^NDARD Paste 

On a slab of marble there is spread out in the shape of a 
wreath i kilo of cement, into the middle of which there is 
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poured at one stroke the quantity of fresh water considered 
necessary to obtain a paste of the consistency indicated below; 
^hefli the whole is stirrcrl together vigorously with a ladle for 
three* minutes, counting from the beginning of the operation 
of mixing. 

With a portion of the,oastc thus obtained, an ebonite or metal 
box is filled at once, the diameter of the said box being 0'o8 m, 
at the base, 0*09 m. diameter at the top, and 0*04 m. deep ; then 
the surface is smoothed with the ladle or trowel, whilst all shaking 
or compression Si^ould be carefully avoided. 

Bring to the surface of the paste and let down carefully and 
without it acquiring any velocity, a cylindrical needle 0*01 m. 
in diameter and of the weight of 300 gr., of very smooth metal 
and sharp, the end tenninating in a clean section, at right angles 
to the axis of the cylinder. This needle, which is termed “ con- 
sistency needle,’’ must be supported by a suitable stand, so 
made that it should be possible to determine exactly the depth 
of the paste penetrated. 

The consistency of the paste must be such that the needle 
stops 6 mm. from the bottom of the mould. If this result is 
not obtained tlie oj)era+ion must be repeated, the paste being 
re-made with a greater or lesser quantity of water, as the case 
may be. The paste satisfying the above conditions will be now 
termed standard paste. 

The temperature of the atniosj)liere and tin cement and water 
to be used in carrying out these operations must be not less 
than 15° C. or more xhaii 20^ C. 


V’^. Standard Sand 

The standard sand is that of whi'Ji the grains pass through a 
metal sieve with circular holes of a diameter of 1*5 mm. and 
remain on another sieve, also of metal, with circular holes of a 
diameter of i mm. 

Standard sand serves to make the mortar for testing hydraulic 
cement. 

For control tests, in case of doubt, and for the furtherance of 
general interests, standard sand coming from Ticino will be 
adopted, in accordance With the decision arrived at by the 
Italian Association for the Examination of Building Materials 
at the Congress of Pisa, in the month^of April, 1905. 



APPENDIX 


255 


VI. vStandard Mortar 

Standard mortar is to be mixed in the ^jroportion of one j., i 
of cement to three parts of standard sand,^ai(d is to be moistened 
with fresh water, after having been well mixed together in a 
dry state. 

Cement, water, sand and the surrounding atmLsphere must 
be at a temperature of between 15^' and 20° C. 

The mortar is to be made by means of a mixer wuh movable 
tray and compression juould, the tray revolvir ; at the rate of 
20 revolutions in two minutes and a half, t. c. 8 revolutions 
per minute. 

The quantity of water required to juake the mortar will be 
measured in such a way that it win begih to appear between 
the interstices of the mould during the manufacture by machinery 
of the briquettes, not before the 90th nor after the looth stroke 
of the mallet has been given. 

The quantity of water required for standard mortal will be 
determined by successive experiments, beginning by making 
the mortar by adding water in the proportion of 8 % of the weight 
of the mixture, and varying this by degrees until the result 
mentioned above is attained. 

VII. Setting Tests 

Setting tests will be carried out on the standard paste as 
defined in the chapter relating to the same. 

Standard paste, placed in the same mould as was used for 
its determination, is to be kept in a damp place, sheltered from 
draughts and the sun’s rays during the whole of the testing 
period, and at a mean temperature of 15" C. 

The test will consist in tljc determination of the initial and 
of the final setting, using for this purpose a metal needle (termed 
“standard needle”) which is cylindrical, smooth, polished and 
dry, terminating in a clean section, at tight angles to the axis, 
of I sq. mm. (diameter 1*13 mm.), and weighing 300 gr. 

The time of the initial] setting will be considered the moment 
when the said needle can no, longer penetrate to the bottom of 
the mould. 

The final setting will be tlv ^moment* when the needle will be 
supported by the paste without being able to penetrate into it 
to any appreciable extent ^ri mm.). 
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The corresponding periods of time will be calculated from the 
mnmpnt whcn the paste is made. 

VIII. *TtiSTS FOR Tensile Strength 

Standard mortar corresponding to 200 gr. of dry substance 
(mixture) is placed in the standard mould, of a minimum section 
of 5 sq.’ ^"m. It is then Compressed within three minutes by 
means of ilo strokes of a mallet of the weight of 2 kilos, falling 
from a height bf^O‘25 m., and developing in this way the work 
of 0*35 kilos for each gr. of compressed matter. 

When the h^immering is concluded, the excess of mortar is 
carefully removed from the mould, and the surface is smoothed 
with the trowel, the test samples are then taken out by hand very 
carefully, or else mechanically removed by the aid of an auto- 
matic unmoulding machine, and are kept for twenty-four con- 
secutive hours in a damp atmosphere at a temperature of 
between 15° and 20° C., and sheltered from draughts and the 
action of the sun. 

When this period of time is over, the test samples will be 
immersed in fresh water. 

The water is to be renewed every seven days, and kept at a 
constant temperature of 15'^ to 20° C. It must have a volume 
of at least four times that of th(‘ immersed briquette. 

The apparatus for bn'aking the bri(iuettes must be arranged 
and regulated so that the load is applied regularly and con- 
tinuously and increases at the rate of 5 kilos per second. 

The form of the jaws and the mode of making the attachment 
must be in accordance with the type specified. 

The breaking of the briquettes will be effected as soon as they 
are taken out of the w'ater, after periods of 7, 28, 84, 180, 360, 
etc., days, counting from the mompnt of the preparation of the 
mortar. 

Each experiment will require the breaking of six briquettes, 
and the definite tensile strength will be taken as being the 
average of the four briquettes which gave the highest results. 

Tensile strength tests can also be carried out on neat cement, 
using the standard paste therefor. This is placed in the moulds 
in sufficient quantity to fill eacn at one time, compressing it 
with the finger so as not to allow fissures to be formed. It is then 
struck with slight strokes with the trowel over gnd sideways so 
that the cement be uniforin and contain no air-bubbles. Then, 
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with the blade of the trowel the surplus matter is removed from 
the mould without using too much pressure, and the surface 
nicely smoothed. 

The briquettes thus made are kept in tnei^ moulds f<^r twgnty**' 
four hours, in a damp atmosphere, free from draughts aftd the 
rays of the sun, in a temperature between 15“ and 20° 

After this length 01 time has elapsed, ftic briquetftes are taken 
out and treated like those of standard mortar. 


IX. Compression Strength 

Standard mortar prepared as indicated in th& corresponding 
chapter will be placed in a cubical mould of 50 sq. cm. section 
and in the quantity corresponding te ‘’00 gr. of dry mixture. 

The compression of the mortar is thereupon carried out by 
means of 160 strokes from a mallet of the weight of 3 kilos, falling 
from a height of 0*50 m., and consequently doing a work of 
compression of 030 kilos for each gr. of matter compressed. 

With regard to storage, consecutive preservation of the cubes, 
periods of testing and mode of calculating the strength, the same 
rules are to be observed as in the hcrcabove mentioned paragraph 
relating to tensile strength tests, with the exception of the use 
of the automatic umnoulding machine. 

Tests must be made immediately after the cubes have been 
taken out of the bath, always bearing in mind that the force of 
compression must be exercised normally on two of the opposite 
surfaces which have been in contact with the lateral di\dsions 
of the mould, the latter being as much parallel as is permitted 
by the degree of accuracy of the mould itself, and the same are 
smoother than the upper and lower surfaces. 


X. Bendinc? Strength Tests 

Bending strength tests are to be carried out on bars of a square 
section of 2 cm. side length, and 12 cm. longitudinally. These 
bars arc to be made in suitable moulds, *but in case there are no 
proper machines to make them, they can be beaten out by hand 
with a piece of iron 35 cm. long (including handle), of a weight 
of 250 gr., with a beating surl^fce of 25 sq. cm. • 

The bar to be tested shall be placed with one of the side faces 
which have bepn in contact Vith the mould over two knife- 
edges slightly rounded off,cand 10 cm. distant from each other, 
s 
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The weight and strain are to be applied in the middle, making 
use simply of a, knife-edge slightly rounded off. 

The breaking apparatiTS is to be such that the strain exercised 
on the bar may be4inpreased continuously in the proportion of 
I kilo ^ per second. 

The coefficient of strength will be determined in the manner 
and after tlifc periods of time laid down for the tensile and 
compression strength tests. 

'v 

XL CoBo Test for Constancy of Volume 

The cold tests are to be carried out on the standard paste. 

The same is to be spi^ead out on glass plates, forming pats 
of a diameter of o‘i 6 to 0*15 m., and with a thickness towards 
the middle of 1*5 to 2 cm., taking care that the said thickness 
is reduced towards the perimeter, where it should be brought 
down to a few mm. (say about 5 mm.). 

The pats are to be immersed in fresh water twenty-four hours 
after they are made, being kept during that period of time in a 
damp atmosphere, sheltered from draughts and sun rays, and 
at a temperature between 15^ and 20“ C. 

After the periods indicated hereabove for tensile and com- 
pression strength tests, the pats will be taken out of the water, 
and the state of preservation will be observed, in order to ascer- 
tain if they show any change of shape or any radial cracks 
extending towards the perimeter. 

XII. Hot Test for Constancy of Volume 

For the hot tests, cylindrical test pieces are used, of a diameter 
of 3 cm. and a height of 3 cm., made in metal moulds of the 
thickness of | mm., split vertically^ and having a needle 15 cm. 
long soldered on each side of the opening. 

The moulds are to be filled with standard paste, and kept in 
a damp atmosphere, sheltered from draughts and sun rays, and 
at a temperature between 15 and 20° C. 

After twenty-four hours, and in any case not before setting 
is completed, the test samples are to be immersed in fresh water 
at a temperature of about 16'' C. ' Within twenty-four hours from 
the moment of immersion, the temperature of the water is to be 
raised gradually up to 100° C., in a 'period of time yarying between 
a quarter of an hour and half an hoyT. The same temperature 
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is to be maintained for six consecutive hours, and the water is 
then to be cooled for the final measurement. 

The increase in the distance between tue points of the neeaie,^ 
gives the measurement of the expansion < vliich has tdk:j;i*place 
in the cement. • • 

Alternative Hot Test . — Spherical test pieces ipay* be used, 
their diameter ranging from 4 to 5. cm. Such test pieces are 
made by mixing the material with a quantity of wapg^ i % less 
than that required to obtain the standard paste, and they are 
shaped from the paste itself, being rolled witj^ che palms of the 
hand into spheres of 4 to 5 cm. diameter. „ 

The spheres are kept for twenty-four hours in a damp atmo- 
sphere, sheltered from draughts and ^uu^rays, and at a tem- 
perature of 15'^ to 20° C. 

After the twenty-four hours have elapsed, and in any case not 
before the setting is completed, the spheres are placed in fresh 
water, in accordance with the rules indicated above for cyhndrical 
test samples. 

When the spheres are taken out of the water, they will be 
examined to ascertain whether they show signs of disintegration 
or cracking, or whether a friable material which separates when 
struck has resulted therefrom. 

XIII. Supplementary Tests 

As final investigations into the properties of hydraulic cements, 
or to satisfy special inquiries in view of particular applications, 
tests can be carried out or required, which may be regarded as 
supplementary, because in some cases these are of secondary 
importance, while in other cases they may be very important 
indeed. 

For some such tests, we ^cannot say that there is at all a 
uniformity of agreement or any unanimity as to the mode of 
carrying them out ; therefore it seems to be sufficient to enumerate 
them without entering into any descriptive particulars. 

Other tests (as, for instance, chemical analysis), cannot give 
rise to any doubt as to how they should be made, so that for 
these it will be enough* to indicate them, without adding any 
special description. 

These tests are — 

(a) Examination of the chemical qpmposition of the cement 
with special reference to svfiphate of lime and magnesia. 
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(b) Test of homogeneity. 

(c) Test of poxosity. 

, (d) Test of permeability. 

(^)’*7GSt of fidher(fnffe. 

(/) Tont of resistance to decomposition in sea water. 

(g) Test of^resistancetto cutting force. 

V. _ 

PART II 

STANDARD T^STS FOR THE ACCEPTANCE OF HYDRAULIC 
CEMENT MATERIALS 

Hydraulic cement matcvials in use are divided into the following 
categories or groups — 

Quick-setting cements. 

Slow-setting Portland cements. 

The same should not contain sulphates in such proportions 
as would exceed 1*2 % of sulphuric anhydride and of magnesia 
in proportion exceeding 3 %. 

The physical tests for the acceptance of any of the above 
categories will be as follows — 

Quick-setting Cements 

Fineness of grinding, density, as stated in Sections I, II, III. 

Standard Paste as stated in Section IV. However, the 
quantity of cement shall not be more than 500 gr. and the time 
for mixing shall be reduced to one minute. 

Standard mortar as stated in Section VL The quantity of 
mixture shall not be more than 500 gr. and the time for mixing 
shall be reduced to one minute. The mortar shall be hand-made 
in an iron bowl with the help of an iron scoop. 

Setting tests, as stated in Section VII. 

Tensile and compression strength tests as stated in 
Sections VIII and IX» The preparation of the test pieces 
shall be made by hand and shall be completed before the com- 
mencement of the setting. The periofls of the tests shall be 
graduated as follows : after 15, Gqipinutes, 24 hours, 3, 7, 28, etc., 
days, lor neat cement, and after i, 7, 28, etc., days for mortar. 

Hot and cold tests for constancy of volume, as stated in 
Sections X and XL For the heat tests, however, the tem- 
perature shall be limited to 50° C. 
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Slow-setting Portland, Cements 

For this class of hydraulic cement materials there shall Ft: 
carried out the tests mentioned in the general rule concerning 
the standard methods for testing hydrcta'iic cement n>#derials 
according to the instructions given at the respective ftnapters, 
without any alterativ^ii whatever. 


TECHNICAL SI^ECIFICATIONS 

to which hydraulic cement materials used i|# the works under 
the control of the Ministry of Public Works shiiU have to comply. 

I. General SPECT^^Tr:ATJiJNS 

The hydraulic cement materials, lime and cements, to be used 
in connection with works under the control of the Ministry of 
Public Works, have to be supplied in sealed bags, sewed internally 
with the name of the firm and the mark of the establishment 
they originate from, and have to be accompanied by a certificate 
from the manufacturer in which there shall be stated the date 
of manufacture of each consignment, and the results of the tests 
carried out in the laboratory of the manufacturing concern. 

The contractors for the works arc under the obligation of 
notifying any change of the works or the name of the establish- 
ment or establishments from which they intend to derive the 
hydraulic cement materials, and to produce, upon the request 
of the Administration, samples of the products. 

At any time, either at the presentation of the said samples, 
or at the delivery of the supply, or during the building operations, 
the contractors shall give all necessary assistance for the carrying 
out of any tests made on the lime or cements supplied or to be 
supplied, being responsible ior all the expenses arising in con- 
nection with the taking the samples and sending them to the 
testing institutes which shall be stated by the Administration, 
and paying the respective charges. . 

All tests carried out on the lime and cements, either in the 
laboratories of the manyfacturing finn or in those stated by the 
Administration, shall be made according to the standard methods, 
as adopted by the Perugia Congress of the Italian Association for 
studies on building materials ^;eld in May 1906 (see Schedule A). 

Wlierever there are stated strength limits after a period of 
seven and twenty-eight d&ys, it is always understood that the 
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final acceptance of the lots shall depend upon the tests in regard 
to the second of 'the two periods. 

r 

II. Sft^CIAL STIPULAirK)NS TO BE PLACED IN STANDARD TeSTS 

^ Quick-setting Cements 

(a) Fineness of Grinding. — Should not leave a residue, more 
than 20 on the sieve with 900 meshes per sq. cm. 

(b) Absolute Density. — Shall be more than 2*80. 

(c) Setting. — The setting of neat cement paste shall not com- 
mence before i mifiute, and the final set shall not be more than 
30 minutes. 

(d) Strength. — The test, pieces made of neat cement paste of 
standard consistency shall bear a tensile strain of not less than 
16 kilos per sq. cm. and a compression strain of not less than 
160 kilos per sq. cm., after seven days under water, as from the 
time of the making of the paste. 

Slow-setting Portland Cements 

(a) Fineness of Grinding. — The residue left on the sieve of 
900 meshes per sq. cm. shall not be more than* 2 % and that 
on the 4,900-mcsh sieve shall not b? more than 20 %. 

(b) Hot and Cold Test for Constancy of Volume. — For hot test 
there shall be used solely spherical cement test samples of 4 to 
5 cm. in diameter. 

(c) Neither the pats of cement for the cold test nor the spheri- 
cal cement test pieces for the hot test should present any cracks 
after the tests. 

(d) Setting. — ^The setting of standard paste should not com- 
mence before one hour nor finish before five hours, or after 
twelve hours, counting from the moment of the mixing. 

(e) Tensile Strength. — Test pieces €:>f standard mortar, intended 
for the tensile strength tests after twenty-eight days, shall not 
break at less than 20 kilos per sq. cm. 

(f) Compression Strength. — The standard mortar test piece 

shall not break at less than 220 kilos per sq. cm. after twenty- 
eight days. r 

(g) ^For Portland cement w’hicl;i shall have already obtained 
provisional (preliminary) approval, isolated lots can be accepted 
when the breaking-strength of standard mortars after seven 
days shall have attained at least 16 kilos per sq.'cm. for tensile 
strength and 180 for compression stfength. 
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III. Supplementary Tests 

In such cases as may be found neccssan , there may be impor.N'i 
for any particular material, in addition to the tests menJione« 
hereabove, other tests which may be re^Ardld as compleufentary, 
if only they are contemplated in Chapter XIII of thfi general 
prescriptions concerning the standard testing mAhods for 
hydraulic cement materials (Schedule A). 

In such cases there shall be stated in the respectA^e chapters 
of the coefficients and the results to be reached in the aforesaid 
supplementary tests. 

The said materials shall not contain sulphate^o in proportions 
exceeding i’2o % of sulphuric anhydride, nor magnesia in a 
proportion exceeding 3 %. 


RUSSIAN SPECIFICATION OF PORTLAND CEMENT 

I. Definition of Portland Cement 

The proportion by weight of oxide of calcium (CaO) to the 
total amount of the weight of silica (Si02), alumina (ALOs) and 
of oxide of iron (FC2O3) in Portland cement must not be less 
than 17 and not more than 2*2. The amount of sulphuric 
anhydride and magnesia in prepared Portland cement (viz. 
after adding foreign materials to the burnt product, see note i) 
must be : the first one not more than if %, and the second 
not more than 3 %. 

Noie I. — In order to regulate the setting, etc., of Portland 
cement, it is permissible to add to the burnt and pulverised 
cement foreign materials no# exceeding 2 %. 

Noie 2 . — The management of cement factories are entitled to 
appoint to the works persons authorised by the management 
for the purpose of supervising the preparation of cement from 
its proper components, and also for the purpose of making on 
the works part of or ajl the tests relating to the quality of the 
finished products as described^ by these regulations. 

Should there be any doubt as to the components of tfle pro- 
duct, or when specially ins^;-ucted by the proper department 
of the Ministry of Roads and Communications, the person 
appointed shall test the eSmponents by chemical analysis. 
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II. General Instructions as to Testing the Qualities or 
Portland Cement 

1 , 

' (a)»The testing of^tlje quality of Portland cement as indicated 
in para^aphs'3 to 7, must be made in every respect according 
to the present technical stipulations. 

(b) In order to test consignments of over 3000 casks, it is di\dded 
into lots^yf 3000 casks. Out of each lot 0’3 % of the number 
of casks is selected, and out of each cask selected 15 lbs. of 
cement is taken. If the supply is less than 3000 casks, the total 
is divided into lols of 1000 casks ; | % is selected from each 
lot, and 15 lbs. of cement taken out of each cask. Should the 
whole supply be less thai? 1000 casks, the whole supply is taken 
as one lot and the niimber of samples for testing must not be 
less than 3. 

If the supply is less than 500 casks, the supply is accepted in 
a simplified way : viz. test is made as to the constancy of volume, 
the specific weight is determined and the results of fonner tests 
are taken into consideration. 

All tests of the cement are to be made with the mixture of the 
samples taken out of each lot, but the constancy of volume test 
is to be made on each sample. 

(c) The mortar for all tests and examinations is ])rcpared with 
fresh or distilled water. 

Note . — When testing cement for marine j urposes, the mortar 
for all tests, except for the setting-time test, must be made with 
sea water. 

(d) All the tests should be carried out in a room at a uniform 
temperature of 15° to C., using the cement as well as sand 
and water brought up to the same temperature as that of the 
room. In cases where this rule as regards temperature cannot 
be fulfilled, it is necessary to mei\tion the fact in the report, 
giving the temperature at the time of the tests. 

(e) In preparing the briquettes for the tensile tests (paragraph 7) , 
not more than six briquettes shall be gauged at one time ; in 
any case, the preparation of briquettes must be complete before 
the commencement of the setting. , 

(/) Every gauging, either with sand or for the purpose of 
obtaining a paste from neat Portland cement, must last for a 
definite time, i. e. five minutes, reckoned from the time of the 
addition of the water. The mixing of cement paste, as well £ls 
the preparation of the briquettes R)r tensile strength tests 
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(paragraph 7), should be made as far as possible by the same 
person using the same instruments. 

(g) All the test pieces, during the time )f setting and pre^L h 
to immersing ill water, must be kept in a^njoist atmo^ pbcBie. 

In preparing the above briquettes and test pieces th^ gauging 
must be carried out upon a non-porous, spiooth surface,^! marble, 
glass or metal. 

III. Specific Gravity of Portland Cement 

The specific gravity of Portland cementfaried by heating 
up to 120° C. should not be less than 3*05. * 

The specific gravity is determined l^y means of Le Chateher- 
Candlot and Schuman-Michaelis voliuuetcfs, the description and 
use of which is given in the notes. The above instruments arc 
capable of giving accurate indications up to 0*02. 

The average of two indications for a Portland cement is 
considered to be the specific gravity, but these two indications 
should not diher by more than o*o2. 

Note I. — The Le Chatclier-Candlot instrument consists of a 
glass vessel containing approximately 120 c.c., the upper part 
of the said vessel forms a narrow tube of 20 cm. in length. 
This tube is provided with a globular convex part which is 
determined on the lower and upper part by two lines; the 
volume .between the hues is equal to 20 c.c. Above the 
globular part of the tube are made divisions of 10 c.c. each. 

In order to determine the specific gravity of cement, the 
following instructions should be observed. 

(1) The instrument is filled up to the lower line with benzine, 
and after weighing 64 to 65 gr. of cement to an approximation 
of one eg., the latter is put into the vessel, by means of a 
funnel, taking care that no ljubbles should be fomied. 

(2) When the level of the benzine begins to approach the 
line over the convex part, the cement should be let in with great 
care. The cement is let in until the level of the benzine reaches 
one of the divisions between o cm and 2 cm. The cement which 
is left is weighed, anc^ the weight obtained is deducted from 
the weight first taken. Tho^ difference will show the weight of 
the cement which has displaced 20 c.c. plus a certain number 
of tenths of a c c. shown by ^ the division of the upper part of 
the tube. By, dividing the weight of the cement by volume 
displaced, we obtain the Specific gravity of the cement. 
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(3) During all the time the operation is in progress, the instru- 
ment should be -kept in water, except, however, its upper part, 
bu<: the liquid in the instrument should be lower than the level 
\)f thi water in the ^uter vessel. 

When^ carrying out tests it is necessary to observe the 
followings- , 

(1) Special' attention must be paid to the cement being in a 
loose sta\\ The samples must be ]>assed through a sieve with 
900 meshes to the sq. cm., any air-set pieces remaining must 
be well rubbed up and passed through the sieves and then 
mixed with the gcVieral bulk of the material. 

(2) The liquid must be cither benzine or some other liquid 
which does not affect cement, as, for instance, turpentine oil. 

(3) The temperature during the test must not vary and not 
exceed 15° C. 

IV. Setting Conditions of Portl.\nd Cement 

(a) Portland cement should set slowly : the initial set should 
not take place before twenty minutes have elapsed, reckoning 
from the moment of adding water to the cement, and the final 
setting should not be less than one hour nor more than twelve 
hours. The water added to the cement for the purpose of this 
test should be fresh. The paste of neat Portland cement used 
for determining both the initial and final setting should be of 
standard consistency. 

(d) The amount of water for standard consistency of the paste 
of neat cement is determined by the consistency-meter, an 
instrument consisting of a bar of a diameter of i cm. with a 
plate, the plate and bar weighing 300 gr., the mould being 
a conical ring 4 cm. in height, its lower diameter being 8 cm. 
and the upper diameter q cm., the^cement paste being put into 
the said ring, while there is also provided a scale with mm. 
divi.sions fitted with an indicator. 

In order to determine the standard consistency of the paste 
of neat Portland cement, 400 gr. of Portland cement are 
gauged with water to form a rather tl^ick paste; the paste is 
stirred very thoroughly for five minutes, and after it is put, 
without shaking it as far as possible, into the conical ring placed 
on a non-absorbing base (for instance, glass), the excess of paste 
is shaved off. Then the bar of the consistency-meter is care- 
fully lowered so that the indicator sWould come against division 
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40 of the scale, after which the bar is allowed to penetrate freely 
into the paste. The amount of water in percentage to the weighs 
of the Portland cement taken for mixirg in respect of wLl i 
the penetratiorf of the bar corresponds the position <if thP 
indicator against the division 6 on the scale, wiihin tjie limits 
of 5J and 6|, is the standard amount (jf water to be^dded for 
a paste of pure Portland cement. ' 

This quantity of water is determined with an apm/oximation 

of i %. 

Note . — The amount of water corresponding standard con- 
sistency of the neat cement paste, for varioii# Portland cements, 
varies generally within the limits of 22 to 30 %*, but in respect 
of different lots of Portland cement .from one and the same 
factory in a definite supply, it is fairij^ coitstant. 

(c) In order to determine the commencement of the setting 
of Portland cement, paste is mixed mth the above-mentioned 
standard quantity of water, and is put as mentioned above in 
the same manner into the conical ring. Then the cement paste 
is placed under a needle of circular section of i sq. mm. (standard 
Vicat needle) loaded with 300 gr., which in intervals of five or 
more minutes is allowed to penetrate freely into the cement 
paste, a new portion of the paste being each time brought under 
the needle. The commencement of the setting takes place 
when the needle, after penetrating into the cement paste, shows 
on the scale a position corresponding to any division between 
0 and I — viz., for instance, does not penetrate through the paste 
any lower than a distance of | mm. from the surface of the glass 
plate upon which the conical ring containing the cement paste 
is resting ; and the finish of the setting is determined when the 
needle does not penetrate into the surface of the paste by more 
than ^ mm. 

In order to determine in ^ preliminary way the setting time 
of Portland cement, use can be made of a pat of pure Portland- 
cement paste with a quantity of water corresponding to standard 
consistency, prepared on a smooth thick glass plate, in Con- 
nection with which the pat is made of a diameter of 8 to 10 cm., 
and of a thickness of aljout i cm. in the middle. 

The setting of the Portland cement can be considered as having 
taken place if a slight pressure with the finger-nail on tfie pat 
does not leave any trace on th(^ paste, and if when slightly rubbing 
the surface of tlie pat no water appears on it. 

(d) The sample of past^ of neat I'ortland cement prepared as 
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a pat can also be used for the determination of the approximate 
setting time, in« the case of consecutive supplies of Portland 
cement from onct and the same factory. In that case, the 
^ttii>g time is deterpi^ed by not less than two 'pats. 


^V. tCoNDiTioi^s OF Constancy of Volume 

(a) A p^^te of standard consistency of neat Portland cement 
should preserve its constancy of volume, both in the air and water — 
viz. pats prepared with a paste as shown in paragraj^h 4, when 
tested by hcating'-and in water (for twenty-seven days), must 
neither show any signs of distortion or edge fractures. Not 
less than tw^o pats shall he used of each kind for the testing of 
the constancy of vohtruc. 

(b) For testing by heating, the pats, twenty-four hours after 
mixing the paste, and in any case never before the expiration of 
the setting time of the Portland cement, arc placed in an air 
bath, where they should remain not less than an hour and at 
a temperature of 120° C. The cracks which appear, not on the 
edges of the pats but in their centre, as concentrical surface 
hair lines, not to be considered as signs of any alteration in the 
volume of the cement paste. 

(c) For testing in w'ater, pats are placed in water twenty-four 
hours after mixing the paste, when' they arc allowed to remain 
for twenty-seven days. 

Note . — Pats prepared specially for slow-setting cement should 
be sheltered from draughts, also from the action of sun rays up 
to the time of setting (completion of the setting time). This is 
easily achieved by placing them in closed boxes or by covering 
them with a wet cloth. In this manner, cracks due to drying 
are avoided, the same being generally formed in the middle of 
the pats, and they might be mistaken for cracks caused by 
inconstancy of volume. 

If the Portland cement tested, seven days after mixing the 
paste, complies with the, specifications stated in paragraph 7 as- 
regards tensile strength (when it is allowed to dispense with • 
the tensile-strength tests twenty-eight ,days after mixing the 
paste)^, the test during twcnty-seve;i days in water — besides the 
heating test-^shall not be required for accepting the cement, 
but it should nevertheless be made for the purpose of checking 
the results of the heating test. Should the checking test in water 
during twenty-seven days reveal any*'inconstancy of volume in 
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the Portland cement, then the acceptance of following supplies 
of Portland cement from the same factory .^hall take plaiC'. 
only on the basis of the results obtailitd w^th the test 
water for twcnfy-sevcn days. 

VI. Fineness of Grinding of Portland Cement 

Portland cement should be ground as fine as possiJble. When 
sifting the dried cement through two cement sieves of a size 
mentioned below, the quantity passing through a sieve of 4,900 
meshes to a sq. cm. should not be less than^50 % of the whole 
quantity by weight of the Portland cement taken for sifting, 
and the residue retained on a sieve with qoo meshes to the sq. 
cm. should not be more than 10 % ui the whole quantity. 

The gauge of the wire used for the sieves should be 0*05 mm. 
for the sieve with 4,900 meshes to the sq. cm., and o*i mm. for 
a sieve of 900 meshes to the sq. cm. The quantity of cement 
taken for the purpose of determining the fineness is 100 gr. 
(the weighing should be done with an approximation of o*i gr.). 

VII 

(a) Condilions of Testing Portland Cement in Respect to 
Tensile Strength 

The mechanical strength of Portland cement is determined 
b}^ testing it for tensile strength, the test samples being com- 
posed of a paste of neat cement and a mixture of cement with 
addition of sand. All tensile tests of Portland cement arc to 
be carried out by using the same apparatus, also with briquettes 
of the same section — i. c. 5 sq. cm. at the point of rupture — all 
samples having been prepared in the same manner. 

When preparing the test jfimples, the quantity of water taken 
sho^ild correspond to that required for obtaining the standard 
consistency of the mixture, as determined in the provisions of 
paragraph 4 {h) in respect of neat cemeiit paste, and for mixing a 
mortar of Portland cement with sand, as shown below in note i. 

In order to prepare ^he briquettes, the mixture with a large 
surplus is put into metal moulds which have been cleaned previ- 
ously and oiled, the moulds being placed upon a base not absorb- 
ing water. The briquettes are not to be taken out of the moulds 
before the mixture has set completely, excepting when they 
are taken out of the moAlds by means of a special apparatus, 
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in which case they may be taken out as soon as they have been 
prepared. 

The briquettes,' both 'of neat cement paste or cement mortar 
(e. ' Portland cem<nl with addition of sand)^ should remain 

during the first twenty-four hours in the open in a damp place, 
after which they are pkced in water, where they remain up to 
the moment of being tested. The water into which the samples 
are kept tnust be changed once a week. 

Note I. — Determination of the quantity of water to be added 
to obtain a standard consistency of the standard mortar made 
with Portland ^ement and sand. 

The quantity of water to be added to the dry mixture of one 
part of Portland cernenL to three parts of standard sand, in 
order to obtain a standard consistency of standard mortar (i. c. 
with sand) is detennined either by a certain mechanical action 
exercised by a “ cement ram,” or accepted according to the 
information afforded by the factory. If the quantity of water 
cannot be determined with the help of a “ cement ram,” and 
is not indicated by the manufacturer, it is necessary to take 
10 % of water of the weight of the dry mixture, and alter the 
said quantity according to what is really required to obtain a 
mortar which can be conveniently worked. 

In order to determine with the help of the ” cement ram” 
test, the quantity of water to be used to obtain the standard 
mixture in question, to 750 gr. of dry mixture consisting of 
one part of Portland cement to three parts of standard sand, 
there is added such a quantity of water as may be required so 
as to obtain a rather damp mortar. 

The mortar having been worked through is placed into a mould 
and pressed by means of mechanical strokes of the ” cement 
ram,” at the rate of one kilo to every 10 gr. of dry mixture, 
after which, should the mortar be o! standard consistency, some 
liquid should be coming out from underneath the mould. 

Note 2. — For the preparation of briquettes of neat Portland 
cement paste. 

Before cutting ofi the surplus of the paste contained in the 
moulds the plates on which the latter ar^ placed should be lifted 
on oqe side and knocked slightly against the table. Slightly 
damp blotting-paper is to be placed between the moulds and 
the plates. 

NoU 3.— For preparing ^ mixture^ of Portlaixd cement and 
sand (standard mortar). 
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The standard mortar is forced into the mould by hand with 
d trowel, weighing up to 250 gr., or with a wooden hammer of 
the same weight or with a ram apparab^ lyitil there appe^t^ 
water on the suiface of the mortar. Thei^ tjie surplus of rrsortai^ 
is cut off and the surface is made even with a" knife* No addition 
or any second forcing in of the mortar injto the mould is allowed. 

(b) Testing the Samples of Neat Toriland Cement, Paste 

The testing of the briquettes is carried out on the Michaelis 
apparatus, six samples being tested at the sam time, and the 
average strength of the Portland cement tesfed is to be deter- 
mined by the average of the four highest figures of strength 
shown by the tests. 

Before carrying out the tests, any irregularities appearing 
on the briquette after it has been taken out of the water are 
smoothed off, taking, however, great care not to injure the 
briquette. The load is apphed mechanically and at a regular 
speed — for instance, about 7.500 gr, per second. 

The samples of paste prepared from neat Portland cement 
must have within seven days of being gauged a strength of 
not less than 20 kilos, and after twenty-eight days of not less 
than 25 kilos per sq. cm. 

If within seven days of being mixed, Portland cement should 
have a strength of not less than 23 kilos per sq. cm., the tensile- 
strength test after twenty-eight days of being gauged is not 
required for the acceptance of the cement, but it should never- 
theless be carried out for the purpose of checking the results of 
the seven days’ test. 

If when carrying out the checking tests after twenty-eight 
days from the time of gauging, the strength should be found to 
be less than 25 kilos to i sq. cm., any further supphes from the 
same factory shall be accepted only upon the basis of the results 
of the tests carried out twenty-eight days after gauging. 

(c) Testing Samples of Mortar Consisting*of a Mixture of Portland 
Cement and Standard Sank 

In order to prepare briquettes for the above-mentioned test 
the mixture is made of one {>drt of Portland cement to three 
parts of standard sand by weight. Tlue sand used for the pur- 
pose should be quartz, washeS, sifted through three sieves of 
64, 144 and 225 meshes teP the sq. ctn. The residue obtained 
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by sifting through the sieves of 144 and 225 meshes, mixed 
together equally, shall constitute standard sand. The gaugv* 
of the wire used for the sand sieves should be 0*4 mm. for the 
'64-mesh sieve, 0*3 mm. for the 144-mesh sieve, and 0*2 mm. 
for the ^225-mesh sieve. The briquettes prepared in the way 
indicated with a mixture of Portland cement and standard 
sand, should’ 'have a tensile strength, seven days after gauging 
the mortar, of not less than 7 kilos per sq. cm., and twenty-eight 
days after gauging the mortar, of not less than 10 kilos per sq. 
cm. If the mortar of Portland cement and sand, seven days 
after gauging thc<Qmortar, should have a tensile strength of not 
less than 8 kilos to the sq. cm., and should the Portland cement 
at the same time satisfy all the reciuiremcnls as provided by 
paragraphs 3 to 7, tht* cement may be accepted without it being 
necessary to test the same after twenty-eight days, but the 
test after twenty-eight days should nevertheless be made in 
order to check the results of the seven days’ test. 

Should the tensile strength of the cement and sand mortar, 
on being tested after twenty-eight days, be less than 10 kilos 
per sq. cm., the further supplies of Portland cement from the 
same factory shall only be accepted on the basis of the results 
of the tests made twenty-eight days after mixing the mortar. 

Gefieral Remark io Paragraph 7. — In ca.se of supplies wanted 
for urgent work, the Portland cement from known firms may 
be accepted before the seven days’ period has expired, but not 
before the four days, if, after satisfying all the stipulations of 
paragraphs 3 to 6, the tensile strength thereof, at that period, 
is not less than 7 kilos to the sq. cm. 


VIII. Compression Test of Cement Mortar in the 
Proportion of One to Three 

Tensile strength tests are to be considered the fundamental 
tests for determining the strength of Portland-cement supplies, 
but the supplier, upon the request of the jmrehaser, should 
undertake to submH the results of ojfhciai tests, such as will show 
that the proportion between the compression strength and the 
tensile strength, respectively, is not less than 8, in the case of 
his cement, after twenty-eight d‘ays. 

At the same time, when there arc subsequent supplies the 
purchaser is entitled, at his option, to make ^ with each fifth 
supply compression tests ‘after twcifty-eight days, whereby the 
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compression strength obtained in the manner described here- 
above, should not be less tlian eight times the tensile strength 
and not less than 100 kilos to the sq. cm. / 

In case of a high tensile strength, not i^s| than 18 kilos i* h 
sq. cm., it is permissible to lower the ^>roportidn ^'etWeen the 
compression and tensile strengths, respectively, to 7*5^, 

The samples for compression tests should have the standard 
measurements of 7 X 7 X 7 cm., and bo prepared mechanically, 
following in every n^spect the })rovisions stipulated for lb(‘ 
[)reparati()ns of the samples for determining the .standard con- 
sistency of mortar i to 3 (see paragraph 7, '-i^te i). 

The compression strength is calculated by taKing the average 
of the results obtained from three samples, twenty-eight days 
after preparing, and, in any case, wheir the results arc equal 
from not less than two samples. 

Should the results of the compression tests be unsatisfactory, 
whilst satisfying in (;v(Ty other respect the present technical 
stipulations, it is permissible to carry out another compression 
test in th(^ same; way, and should the second test not giv(^ satis- 
factory results, the Portland cement supplied shall be rejected. 

IX. Packing and Weight of Casks 

The casks of Portland cement should have a standard weight 
of 10} pood of cement md (exclusive of the weight of the casks) 
and about ii pood gross. In order to check the weight of the 
cement supplied, it is suffickiit to determine the weight of the 
casks with the cement (gross weight). 

The accounts for cejnent supplies are made out according to 
the net weight of the cement, not counting the waste from 
shaking. The casks should bo marked clearly with the words 
“ Portland Cement,” and also bear the name of the factory, 
number of the lot and the year when the Portland cement was 
prepared. 

Portland cement in bags is accepted only by agreement in 
each separate case, between the party ordering the cement, 
and the factory supplving the same. 

Not more than 2 % waste caused by shaking of the cement 
is to be allowed, and the determination of the waste flowed 
for each separate supply in proportion to its quantity is agreed 
upon betweeq the partie ‘ giving the order and the factory which 
supplies the cement. For waste 'through shaking above the 
T 
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normal quantity, a corresponding deduction is to be made when 
the money for the cement is paid to the supplier, if the delivery 
had to be made to the place where the work is carried out. 


EXTRACTS COVERING THE ESSENTIAL POINTS IN 
THE NEW AR(;ENTJNE GOVERNMENT CEMENT 
SPECIFICATION 

Chemical Cam-position .—\\Cic\q i. The ceinenl must not con- 
tain more than 3 of magnesia, and it must not contain any 
free lime. The coefkcieiit of h3-drau]irity must not be Jess 
than 2’44. 

As regards the sulphuric anhydride, the cements will be divided 
into two cMtegories, as follows — 

Category A must not contain more than 1*2 % of sulphuric 
anhydride. This will be employed in all works in contact with 
salt water, in all works of the Health i)e))artnu‘nt, and in those 
where it may be slipulated in the corresponding specification. 

Category B: for woiks in gene'ral the amount of sul])luiric 
anhydride contained in the cenumt must not exceed 2*4 %. 

Conditions of Acre fiance. 2. No Umder will be 

accepted for the provision (T cement dc'stined for national works 
unless it is shown that the tement comes from manufactories 
which have already proved suiriciently the good and constant 
quality of their products. 

Every shipment of ceuK'nt must be accompanied by certificates 
of its origin, and showing that it fulfils all the stipulations 
specified, not only as regards its chemical composition, but also 
as to its strength, fmene.ss of grinding, etc. The certificates of 
origin will be vised by lh(‘ corresponding Argentine Consul, 
and the other certificates must be issued by the laboratories or 
test offices belonging to the Ministry or Department of Public 
Works in the countrv wh^^re the cement is manufactured. Not- 
withstanding this test, the director oi the works in which the 
cement is to be employed will have the tests and analysis repeated 
when k*e may think iieces.sary. 

Sampling . — Article 4. This provides that five samples shall 
be taken from every shipment, or aTaiger number if the director 
of the works should think Tt neccssa'ry. The cement will be 
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tal'icn from the periphery to the centre of the barrel, and must 
be iniimately mixed, so that the sample corresponds to ’’e 
entire contents of the barrel, and not to a certain part ■'+. 
Each sample be tested separately, and must 1 '^' kept^ mn:l 
the moment of testing in hermetically closed bottU',s. 

Compliance with Specification.^ -Artick; 5. 'J'he samtaes taken 
will be submitted to the necessary tests, to set; ’wlndher tlii'y 
satisfy the condilions vspecilied. \vhen thn'e or more of the 
sam})les fail lo satisfy all the conditions, the parcel will be 
considered susi>icious, in which case further A'sts will be made 
on fresh sam])lt's. If the new results obtamed are the same, 
the whole parcel will be n^jected. 

Article (>. The miniimim specific gnivily in the manufactory 
will be :rio, and on delivciy at Ih vvork^ 3-05. 

Article' 7. dhe cenu nt must not leave more than 2 % residue 
on a sie\a' of ()0() meshes per stjuare cm. The rt'sidue on a sieve 
of ^/)00 mc'shi's must not exceed 20 %. 'fhe wire of tlie hist 
si(;ve will be of 0‘15 mm., and of the st'cond 0-05 mm. One hundrt‘d 
gr. of cement will bt‘ t'mployt'xl fca* the tests. Inie cement 
will be successively sift»'d in the sieves mentioned. The opera- 
tion wall be done by hand, and w'ill bo considered finished when 
not more than o'l gr. of ccmcTit j^as.^es through the sieve 
at the end of twenty-four shakes of the arm. 'fhe n'siduo will 
be calculated by adding to that wdiich lemains on flu* sieve 
of 4,c)0() meshes that which remained on the sieve of 900 
meshes. 

Rise of Tcmpcralarc on Gan^in^. — Article' 8. On gauging the 
cement to its nonnal consisb'ucy, the temperature of the ('cment 
must not rise more, than 2" C. In the contrary case, the cement 
will be d(!ciared suspicious. 

Water to be U sal for Gauf^ini^. — Article 9. In the tests in wliich 
the employment of water is necessary, tlu' same water must be 
used as that which the cement will have to be in contact with. 
The same watt'r must be einjdoytd for mixing the cement, and 
for storing the bri(]nettes, ])ats, etc. With the exception of 
the tests in hot water, the tem])erature o^ the w'ater must be 
maintained between 38" and 20^ C. 

Normal Consistency. — ^Article 10. All tc'sts on neat Tortland 
cement are made with the ci'Mcnt gauged to nonnal consislfcncies. 
This is determined by means of the 'I'etmejer apparatus. 

Setting Tinifi. — Article it. 'fhe setting time of cement reduced 
to a paste of normal cofisistency rfiust not develop initial set 
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in less than thirty-five minutes. The final set shall not take 
place in less than three hours, nor more than eight hours, cal- 
culated from the moment the water was added to the cement — 
yiat is, when fresh 'water is employed. When se«i water is used, 
the limits mcntione;f ifbovc will be two hours, six hours, and 
twelve h^nrs respectively. 

When circumstance's inake it necessary to modify the periods 
of time at which the initiai and final set takes place, this will 
be established in the res]X'ctive contract. 

The setting will’ be determiiKil by the use of the Vicat needki 
under the usual conditions. 

Tensile Tests Ncaf.—Ariirh, 12. Fiom each sample of cement 
twelve briquettes will be made in two lots of six. Three of each 
series will be broken ^-t s('ven days (one day in the air and six 
in the water), and the other three at twenty-eight days. 

The briquettes will be broken in the Michaelis machine, the 
fall of the lead shot bi'ing graduated at the rate of 100 gr. 
per second. The tt'nsile strength in each test will be the average 
of the three highest results, and will be expressed in kilos per 
sq. cm. 

The tensile strength determined in this manner shall be not 
less than 30 kilos per sq. cm. (426*^ lbs. per sq. in.) at seven 
days, and not less than 35 kilos (4977 lbs. per sep in.) at twenty- 
eight days. In addition, the strength at tweJity-c'iglit days must 
exceed by 5 kilos (71 lbs.) that corresponding to seven days. 
This condition will nv)t Ix' exacted when the minimum strength 
at seven days is more tlian 45 kilos (640 lbs. per sq. in.) per 
sqk cm., but in no case whatever must the strength at twenty- 
eight days be inferior to that at seven days. 

Tensile Tests (Mor/ej).— Article 13. The quantity of water 
to be add(‘d to a kilo id’ the mixture (i to 3) of cement and 
sand will be determined in gr. by means of the following formula — 

45 I* i/(> e 

P being the weight of tlie water necessary to reduce a kilo 
of cement to the condilibn of a paste of normal consistency. 
The mortar will be filled into the moulds by means of a hammer 
apparatus, in which a hammer of 2 kilos weight falls on the 
«-brique*tc from a height of 40 enf! The number of blows will 
be 120. 

The minimum tensile strength af seven days shall not be less 
than 12 kilos (170*6 lbs.) pefr sq. cm., ind that at twenty-eight 
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days .not less than 15 kilos (213*3 lbs.), while it must exceed that 
at seven days by 2 kilos (28*5 lbs.) at the least. 

Constancy oftVolnmc . — Article 14. i a+s will be made 
the usual conditions. Two of the pa.'j \ jiil be kc| t in cold 
water in the same conditions as the briquettes for the tensile 
test. Two pats will be kept in air sati‘*atcd witl> inoisture and 
protected from currents of air and direct rays of the sun, at a 
temperature between 18'^ and 20° C. In neither case must the 
pats show any alteration or signs of crack ex* delorination, no 
matter how long the observation may I'x* pn onged. Two pats 
will be submitted to the action of hot water, folliJ^tfs — 

Within tw'enty-four hours from setting, the w^ater in the vessel 
containing the pats shall be graduall>'^ hqated, until at the end 
of half an hour it starts to boil, ibis will be prolonged for six 
hours, and the w^ater will be allowed to cool at once. The pats 
must show no alteration after this operation. 

Briquettes of pure cement of the shape of the figure ‘*8” 
will be submitted to the action of boiling water in the form 
indicated above. These will be afterw'ards kept in water at a 
temperature of 18° to 20" C., and must not, at the end of the 
seventh day from having been made, give a less tensile strength 
than that already obtained in the ordinary tensile tests. 

Test-tubes will be filled with cement in a paste of normal 
consistency. After the setting is complete, none of the tubes 
must have cracks, nor must the cement detach itself from the 
sides of the tube. 
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